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ABSTRACT 
 
Global climate change has emerged as a major concern in 21st century and it has 
become a threat to all living beings on earth, creating impact on the biodiversity, food 
production and human settlement. Among the human settlement, the industrial sectors 
especially the power sector will face a great threat due to the ambient temperature rise 
caused by global warming. Scant research has been undertaken to identify the impact of 
climate change on power generation except a handful of studies of climate change effect 
on power generation in Germany, France and Switzerland. These studies of climate 
change impact on power plant are limited to specific type of power plants (e.g. Nuclear 
Power Plant). In order to ensure global economic growth and maintaining living 
standard, a secure and sustainable power generation are essential. Both developed and 
developing countries have not investigated the climate change impact and identified any 
adaptation strategy for power plants. The objective of this research is to identify 
potential impact on power generation in developed and developing countries. The study 
includes two case studies; a) power generation in a developing country and b) Power 
generation in a developed country. The study examines impact of climate change on 
power generation over a period of 100 years (2010-2100) in these two diverse countries.  
 
The research has identified a series of direct and indirect parameters affecting the power 
generation capacity due to global climate change. The directly affected parameters are i) 
increase of ambient air temperature, ii) water temperature, iii) salinity of water, and iv) 
shortage of fresh water supply. Indirectly affected parameters include i) sea level rise, 
ii) flood, iii) storm surge, iv) cyclone, v) river erosion and vi) tidal wind. The first set of 
parameters will affect the efficiency of the power generation, whereas the second set of 
parameters can create physical threat on the power plant infrastructure. Power 
generation efficiency generally depends on the efficiency of cooling system which in 
term depends on the ambient temperature, water temperature and availability of fresh 
water. In order to investigate the climate change impact on power generation in 
Bangladesh and Australia, present and future power generation capacities have been 
identified. The study modelled the future power generation till 2100. The climate 
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change impact on different regions of these two countries has been identified. The 
effects of individual climate change parameters on region based power generation have 
also been investigated. For Bangladesh, the study identified the effects of temperature 
increase, inundation, salinity increase, flood, drought, river erosion, storm surge and 
cyclone on power generation capacity. For Australia, the effect of temperature rise on 
power generation is considered.  
 
The study has revealed that all power generations in coastal areas of Bangladesh, which 
constitute around 30% of the total power generation, will experience a higher risk due to 
inundation, salinity, storm surge and tropical cyclone by year 2100. Power generation in 
the central region (30% of the total) will expose to flooding and the northern region 
(~29%) will be affected by drought. Additionally, all power generation capacity 
throughout the country will be affected by 2.4°C temperature rise by 2100.  
For Australia, the study found that the power generation will experience temperature 
rise up to 7°C by 2100, 65% of which will face a temperature rise of more than 5°C. 
The study also found that the power generation in western, central and northern regions 
of Australia will experience much higher temperature increase compared to eastern 
region. Despite, not been estimated the exact reduction of power generation that would 
be affected by each degree of temperature rise or other direct and indirect climate 
change parameters in this study, it is widely anticipated that a significant reduction of 
power generation efficiency will occur. To minimise this effect, the design parameters 
in overall power generation and infrastructure development must be adjusted and 
accounted. The study identifies the future impact of climate change both in Bangladesh 
and Australia. It has identified the vulnerable regions to produce power on regards to 
climate change. It also shows how both the developing and developed countries would 
be affected. Hence, the outcome of the research study will help both Bangladesh and 
Australia to ensure climate resilient power generation by selecting appropriate location 
and specific design parameters. It will also help both the developing and developed 
country to adapt with the climate change impact both in short term and long term energy 
planning.  
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Chapter 1 
General Introduction 
1.1 Status of Global Climate Change on 21st Century 
The global climate change resulting in frequent and intense natural calamities, sea level 
rise, salinity has been creating negative impact on economic, environmental and social 
aspects of hundreds of millions people across the world. The global climate change is 
believed to make a significant impact on current and future industrial operations (IPCC, 
2008). The reliability and operation of industrial machinery can be greatly hampered by 
the global climate change. Under current design practices, some widely used basic 
design parameters are ambient temperature, design temperature, design wind speed, 
humidity, and pressure and so on. The wind speed and storm surge will greatly be 
altered with the increasing planet’s surface temperature. Eventually, this needs to be 
considered in the design practice for the structural design and machine operations in 
coastal and offshore locations. Furthermore, the increase in precipitation rate will 
require change in the design parameters of drainage systems. 
Raising concern about the global climate change emphasises the minimisation of the 
impact of the plant or machine on environment. The global climate change is a 
combination of man-made destruction of habitants, flora, and industrialisation as well as 
natural changes in our planet’s atmosphere, which has gradually changed from the ice-
age to present warm world. But the pace of this climate change has been dramatically 
accelerated within last few centuries due to the man-maid consequences. After the 
industrial revolution of 19th century, carbon emission has been increasing rapidly. This 
increased carbon emission has made the global climate vulnerable to human, flora, 
fauna and other living beings. It can also cause huge damage and disaster to human life, 
infrastructure, economy and hence the society as a whole. Despite of numerous on-
going debates about the rate of climate change in the industrialised world, there is no 
doubt about the upcoming consequence of climate change effect in near future. The 
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reduction of greenhouse gas emission, adaptation of new design practice and mitigation 
can only reduce the impact of climate change effect. For the adaptation of climate 
change, the design of machines and processing plants also need to be considered the 
climate change in their design parameters. Figure 1.1 schematically shows the impact of 
the global climate change and the causes of the greenhouse effect (EPA, 1996). The 
Intergovernmental Panel on Climate Change (IPCC) in their Fourth Assessment 
concluded that the effect of greenhouse gas will create more changes in the global 
climate pattern during the 21st century in comparison to the observed changes in the 
20th century (IPCC, 2007). 
 
Figure 1.1. The greenhouse effect and climate change (EPA, 1996) 
1.2 Global Climate Change in Bangladesh and Australia 
In order to explain the impact of global warming and the problems faced by different 
countries, two cases, one from the developing and another one from the developed 
countries are described and analysed in this study. One of the most vulnerable and 
severely affected countries due to the climatic change is Bangladesh, which faces 
5 
natural disasters every year. Its geographical location and terrain morphology make it a 
most fragile country in the world. Located on the foothill of the Himalaya Mountain in 
the north and the Bay of Bengal (Indian Ocean) to the south and created by the sediment 
carried by Asia’s two giant rivers: the Ganges and the Brahmaputra, the country’s 
145,000 km square area is just several meters above the sea level. Additionally, 
Bangladesh is the world’s most densely populated country (160 millions) with limited 
natural resources. Nevertheless, the problem is that the country cannot meet its 
electricity demand. The electric power is the lifeline for Bangladesh’s economic 
development. Due to the power shortage, foreign and local investments are drying out in 
the country due to slowing down of the economic activities including industrialisation, 
infrastructure development and job creation. Climate change impact will cause a huge 
impact on the power generation capacity of the country. In recent years, the government 
of Bangladesh has taken short-term and long-term plans for the installation of power 
plants so that it can meet its demand and boost economic progress through 
industrialisation. However, these plans of development of power generation capacity 
will be greatly hampered due to climate change. 
On the other hand, Australia is one of the richest countries in the world with a large land 
area and huge natural resources. It has an immense opportunity for small to heavy 
industrialisation. The economy of Australia is well developed and has modern market 
economy with a GDP of approximately US $1.6 trillion (Central Intelligence Agency- 
CIA, 2012). In 2012, Australia is the 12th largest economy in the world. Oil, gas, and 
mining industries are the major source of this strong economic growth and more 
resources are being explored and discovered. Additionally, there are a large number of 
manufacturing industries in Australia. But most of the industries, cities, infrastructures 
are located in the coastal areas and hence are vulnerable to the sea level rise and climate 
change effect. For this reason Australia is in a high risk zone to experience and face the 
impact of climate change. The most risk due to climate change is the rapid increase of 
temperature by year 2100, mostly in Western Australia, Northern Territory, Queensland 
and South Australia, where a possibility of temperature increase of more than 7°C 
(OzClim, 2012). Other states and regions of Australia will also experience a significant 
temperature increase. So there is an urgent need to assess the risk of climate change on 
power generation capacities in Australia. 
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1.3 Studies on Impact of Global Climate Change 
Few works has been done to identify the impact of climate change on industry 
especially on power plants. IPCC (2007) urged the importance of impact assessment of 
climate change on industries especially on power generation industries. The drought on 
1980s and 1990s in many countries has made negative impact on power generation 
(Rübbelke and Vögele, 2011). Förster and Lilliestam (2010) noted that climate change 
impact such as temperature increase of river and decreasing steam flow may severely 
affect power generation. Linnerud et al. (2011) highlighted that increasing ambient 
temperature will create negative impact especially on nuclear power plants. The 
reduction of power generation in European countries due to the increase of both ambient 
and cooling water temperature has been identified in the study of Koch and Vögele 
(2009) and Rübbelke and Vögele (2011). Wilbanks (2007) emphasised that the impact 
of global climate change should be adapted in energy policy. Many studies have been 
done on effect of climate change but the impact of climate change has not been fully 
evaluated. Lucena et al. (2010) depicted a methodology for adaptation for global climate 
change impacts in Brazilian electric power system. 
Some studies have been done to identify the impact of global warming on climate of 
Bangladesh. A temperature increase of 2.4ºC by 2100 has been predicted in the study of 
Ahmed and Alam (1999) predicted. The high drought risk regions in Bangladesh have 
been identified by Shahid and Behrawan (2008). Mohal et al. (2007) have estimated that 
11% or more land area of Bangladesh will be inundated due to climate change by next 
century.  However, Sarwar (2005) has identified 17.5% of land area of Bangladesh will 
be inundated by 2100. Furthermore, Islam and Sado (2000) have pointed out the high 
risk of flood affected region.  There is a scarcity of acute research study on the impact 
of climate change on the industries in Bangladesh. Handisyde et al. (2008) highlighted 
the effects of climate change on aquaculture in Bangladesh. Karim et al. (1996) studied 
the impact of climate change on food grain production. Mourshed (2011) has studied 
the impact of the projected temperature increase on heating and cooling requirements in 
buildings in Dhaka, Bangladesh. For developing countries such as Bangladesh, a 
sustainable energy supply is paramount for its economic progress. Furthermore, 
Bangladesh is in a high risk of global warming. No study has been carried out on the 
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impact of climate change on power generation especially in developing countries such 
as Bangladesh. 
 In Australia, there is an acute scarcity on studies of climate change impact on industries 
especially on power plants. Smith (2004) mentioned that Southern and Eastern Australia 
has become drier due to the impact of climate change. Bell et al. (2001) predicted that 
the cost of protection of existing infrastructure in coastal regions of Australia will 
increase due to climate change impact. Wang et al. (2012) studied the impact of climate 
change on corrosion damage of concrete infrastructure in Australia and found that the 
existing concrete structures may deteriorate at a faster rate than they were originally 
planned during design and construction phase. Holper et al. (2007) argued that the 
power, telecommunications, transport and buildings will be in high risk by the year 
2030 due to climate change. Wyatt and Franks (2011) have analysed the impact of 
climate change on the coal fired power station ‘Bayswater Power Station’ at the state of 
New South Wales. They found that the power station would be shut down, if it does not 
find alternative source to supply cooling water in coming years. Ahmed et al. (2012) 
have found that during the summer season the temperature increase will lead to 1.36%, 
2.72% and 6.14% rise in per capita electricity power demand by 2030, 2050 and 2100 
successively. It also found that during the spring session the temperature increase will 
lead to 2.09%, 4.5% and 11.3% rise in per capita demand by year 2030, 2050 and 2100 
respectively. 
Though few studies has been done on climate change impact on developed countries 
especially in Europe (e.g. Germany, France and Switzerland) but it did not identify how 
much power generation will be in risk due to climate change by year 2100. Also future 
energy projections in most of the developed countries have not included the impact of 
climate change. Furthermore, no study has been done to evaluate and compare the 
climate change impact on power generation on both developed and developing 
countries. 
Preparation for the adaptation of climate change both in Bangladesh and Australia is in 
its early phase. A nationwide impact assessment due to climate change on different 
industries including power plants is yet to be undertaken. Therefore, a study on the 
impact of climate change on power plants in Bangladesh and Australia is essential for a 
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safe, continuous and sustainable economic growth of the country. This study will depict 
how the future power generation capacity of a developing country such as Bangladesh 
and a developed country such as Australia will be impacted by climate change.  
 
 
1.4 Research Objectives 
 
The primary objectives of this research are to: 
(a) Identify the impact of climate change on power plants. 
(b) Determine the parameters that can be affected by the climate change. 
(c) Analyse potential risk factor for power generation.  
(d) Predict short, medium and long term impacts on power generation.  
(e) Correlate the impacts on power generation in developing and developed 
countries (case studies in Bangladesh and Australia). 
(f) Identify regions and areas with high risk in Bangladesh and Australia.  
 
1.5 Research Questions 
 
To achieve the research objectives following research questions has been derived:  
(a) What parameters can potentially affect the power plant efficiency? 
(b) How climate change can influence the power generation capacity (output)? 
(c) What are the combined effects of general and climate change parameters on 
power generation? 
(d) How these effects can be minimised in developed and developing countries? 
 
9 
1.6 Rationale of the Research 
 
Climate change will make huge impact on human life, biodiversity and infrastructure. 
The effect of temperature increase will lead to sea level rise, increased climate 
variability and extreme climate events. Furthermore, Energy is a key element for a 
smooth operation of both human life and economy of a nation. For a sustained 
economic growth and prosperity, any country needs adequate supply of power for its 
industrial, agricultural and residential/service sectors’ demand. Therefore, it is important 
to identify how the power generation capacity will be affected due to the climate 
change. It is also important to identify whether both the developed and developing 
countries are in risk of climate change or only one of them. Thus the study selected 
Bangladesh and Australia as case study for the research work.  
The impact of higher temperature, variable precipitation, extreme weather events, and 
sea level rise has already affected many countries in the world. These events have also 
affected Bangladesh and Australia. Furthermore, it will continue to intensify in the 
future. Thus, there is a need to study the impact of climate change on power plant. Little 
study has been carried out on the impact of climate change on industries in Bangladesh 
and Australia. In terms of impacts of climate change on power plants in Bangladesh, no 
study has been done. No risk assessment has been carried out on the climate change 
impact on existing power plants.  This statement is justified in the yearly report such as 
Bangladesh Power Development Board (2009, 2010, and 2011), Power Cell (2006, 
2011) data book, and Power division (2011). Power system master plan (2010) is the 
long term and short power generation planning of the government of Bangladesh. 
Similarly, there is no planning or risk assessment for future climate change impact on 
power plant in Power system master plan (2010). Furthermore, the energy planning of 
the country does not account the future climate change impact. For these reasons the 
existing power plants and future power generation are in a great risk of climate change. 
Similarly in Australia, very few works has been done on the impact of climate change 
on power generation. Ahmed et al. (2012) have identified how much electricity demand 
will increase due to temperature increase in Australia by year 2100. But no study has 
been done on how much power generation will be in risk due to different temperature 
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increase in different states and territory of Australia by year 2100. Furthermore, 
Australian government energy projection such as BREE (2011), has not taken account 
the impact of climate change on power generation capacity. A similar situation of lack 
of research study on identifying the impact of climate change on power plants exist both 
in developing country such as Bangladesh and developed country such as Australia. 
Additionally no study has been carried out to analyse and compare the climate change 
impact on power plants in developing and developed country. For these reasons, a study 
on the climate change impact on developing country such as Bangladesh and developed 
country such as Australia has emerged as urgent and much needed to ensure a 
sustainable future. This study has analysed and identified the climate change impact on 
power plants in Bangladesh and Australia from 2030 to 2100. The study will show how 
present power plants and projected future power plants will be affected by global 
warming and climate change. It will also show the possible locations of high risk areas 
for power plants. The study first projected the power generation of the selected 
countries up to year 2100. Then it has identified the location of the power plants and the 
impact of climate change on these locations by using the climate change model. With 
the power generation projection up to year 2100, the study shows a possible scenario of 
future energy prospective. The study will give a guideline for design modification and 
planning for future power generation. It will also formulate a guideline for power 
generation site selection, design parameters, transmission, facility design and planning. 
Thus, the study will identify the pathway for energy security with respect to climate 
change impact. For these reasons, the study has a great importance in present domain of 
knowledge and application.  
1.7 Scope and Methodology of the Research 
In both case studies of this research work, only fossil fuelled power stations have been 
considered, as they are the major fuel source for power plants in most of the countries in 
the world. First case study analysed different impact of climate change such as 
temperature increase, sea level rise, flood, storm surge and cyclone, and river erosion on 
the power plants in Bangladesh. In this study existing power generation capacities by 
year 2011 and planned power generation capacity by year 2016 have been considered. 
Due to the lack of available data, the study accounted the location of power plants in 
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year 2016 to project it up to year 2100. Furthermore, the government vision for coal 
based power plants by the year 2030 has also been accounted in the study. Additionally, 
due to lack of downscaling of global climate model to regions in Bangladesh, the study 
took the temperature increase set by the National Adaptation Program of Action-NAPA 
(2005). In the second case study, only the increase of temperature due to global 
warming was considered as due to the availability of data from downscale global 
climate model projection on different states and territories of Australia. Due to lack of 
data on future planning of proposed power stations, only existing power station sites 
have been considered for this case study. Additionally, Geographical Fluid Dynamic 
Laboratory model GFDL CM2.1 has been considered for the projection of temperature 
increase in different states and territories of Australia. 
The reduction of efficiency of the power plants due to temperature increase depends on 
specific power plant site parameters such total efficiency, electric efficiency, 
densification factor, share of water heat released in air, share of water heat released in 
air, share of water heat not discharge by cooling water and so on. Due to the lack of 
these specific data of each power plant, the study has not accounted the reduction of 
efficiency of the power plants due to temperature increase. 
Secondary data analysis method has been followed in the case study on impact of 
climate change on power plants in Bangladesh. The study considered secondary data 
source such as government report on power generation, and report on future planning of 
power generation to evaluate present and future power generation. From these data 
source the study identified location of power plants and projected power generation to 
year 2100. Some of these reports are yearly report of Bangladesh Power Development 
Board (2009, 2010, and 2011), Power Cell (2006, 2011) data book, Power system 
master plan (2010), and Power division (2011). For energy projection up to year 2100, 
the study also considered other secondary data such as previous study on projection on 
power generation in Bangladesh. Outcome of Long-Range-Energy Alternative Planning 
(LEAP) modelling by Mondal et al. (2010)’s study has been accounted in the energy 
projection modelling. The statistics of World Data Bank (2012) and United Nations 
(2011) have also been used for energy projection. The study used ‘Microsoft Excel’ 
software to model the power projection up to year 2100. To find out the impact of 
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climate change the study used previous research data on different climate change impact 
and then analysed the effects with projected power generation in different region in 
Bangladesh. To identify the location of the power plants in Bangladesh the study used 
‘Google Map’, ‘Adobe Photoshop’ and government reports on power generation in 
different regions.  
In the study of climate change impact on power plants in Australia, secondary data 
analysis method has been used to identify present power generation capacity, fuel 
source, location of power plants and future energy generation plan. The study used the 
statistics on power generation in Australia from different government organisations 
such as Australian Bureau of Statistics, Department of Resources, Energy and Tourism, 
Department of Sustainability, Environment, Water, Population and Communities of 
Australia, National Electricity Market (NEM) and Australian Energy Market Operator 
(AEMO). Using the data from these resources and data from other research study on 
future power generation in Australia, the study projected the power generation to year 
2100. Microsoft Excel software has been used to model the power projection up to year 
2100. After that the location of power plants on the map of Australia has been identified 
using data from Department of Sustainability, Environment, Water, Population and 
Communities of Australia. To do that internet tool ‘Google Map’ and software ‘Adobe 
Photoshop’ has been used. Energy projection of BREE (2011) has been used for 
primary assumptions for energy projection modelling. Software tool such as ‘Microsoft 
Excel’ has been used to make the projection and analysis of future energy generation by 
year 2100. To identify the impact of climate change on different regions, Geographical 
Fluid Dynamics Lab climate change model GFDL CM2.1 has been used from 
Commonwealth Scientific and Industrial Research Organisation (CSIRO) designed 
website OzClim (2012).  
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1.8 Organisation of Thesis 
Chapter 1 describes the general background of the research study. It also presents 
research questions, research objectives, rationale of the research, and scope and 
methodology of the research.  
Chapter 2 reviews the basic understanding about climate change. It also explains the 
causes of climate change and the effects of climate change. Furthermore, it describes 
how the climate change impact on industry and design parameters. Finally, it describes 
the effects of climate change on power plants.  
Chapter 3 describes the detailed case study on impact of climate change on power plants 
in Bangladesh. At the beginning of the chapter, the demand of electricity and present 
status of power generation is given. After that next five years power generation plan in 
Bangladesh is represented. Using different secondary data source of government report, 
future plan and other research data, power generation projection to year 2100 has been 
presented. Different climate change impacts such as temperature increase, sea level rise 
and salinity, increase of flood, storm surge and cyclone on power generation capacity by 
year 2100 has been analysed and identified in this chapter. 
In Chapter 4, the case study on the impact of climate change on power generation in 
Australia has been analysed and formulated. At the beginning of the chapter, present 
status of energy sector in Australia has been discussed. Based on fuel source, projection 
of power generation to year 2100 has been formulated. Each location of power plants 
has been identified and their generation is projected for the year 2030, 2050, 2070 and 
2100. After that the climate change impact on Australia has been discussed. Increase of 
temperature on different states and territory of Australia has been identified using 
climate change model. Finally, the impact of temperature on the power generation in 
Australia has been identified. 
Chapter 5 discusses the specific and general conclusions of the research study. The 
chapter identifies how the climate change will impact power generation and what 
amount of power generation will be affected in both developing country (Bangladesh) 
and developed country (Australia) by the year 2100.  
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Chapter 2 
Literature Review 
Climate change has emerged as a major concern on respect biodiversity, food security, 
energy, and socio-economic development of human societies. In following sections and 
subsections basic understanding about climate change, causes of climate change and 
effects of climate change has been discussed. 
2.1 What is Climate Change? 
Climate Change has become one of the most important issues which our planet is facing 
now. Our climate is changing mainly because of the term “Global Warming” which 
means the rise of the average global temperature. The increase of global temperature in 
the atmosphere and oceans has a great effect on the rainfall patterns, storms and 
drought, growing seasons, humidity and sea level. The change in natural phenomena 
and parameters due to the global warming is defined as ‘Global Climate Change’.  
Climate change can also be described as the significant change in circulation of weather 
pattern (average condition or distribution around average condition) over a period of 
time, ranging from couple of years to millions of years. Because of climate change, the 
people of different areas around the world will observe different types of changes. There 
is a strong correlation between climate and human wellbeing’s with regards to socio-
economy and livelihood. For this reason, a small change may create a huge change on 
people, animal and plant life.  For example, changes in temperature and rainfall pattern 
can vastly affect the growth mechanism of plants and biodiversity and may affect our 
food production. However, human induced activities (e.g., burning fossil fuel) are the 
major contributor of these climate changes. For proper adaptation and mitigation of 
climate change, human behaviour of energy use in daily life needs to be changed in 
sustainable ways. As earlier the adaptation starts, the less the cost will be. A successful 
future planning will not only respond to emergency situations but also save lives and 
money.   
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2.2 Reasons for Climate Change 
Changes in climate may be created by both natural reasons and man-made reasons. 
There are now new and stronger confirmation that most of the warming over the last 
fifty years was caused by several human activities (IPCC, 2007). It is also proved that, 
people are changing the climate with actions that create emissions of greenhouse gases 
such as carbon dioxide and methane. The Earth’s climate varies over time scales. 
Factors that have been affecting the climate over time-scales from hundreds to millions 
of years are included in following sub-sections. 
2.2.1 Natural Reasons 
The environment of earth has changed and been influenced by several natural causes. 
Nevertheless, the changes are very slow in comparison to the changes caused by human. 
Ocean current, the earth’s orbital changes, solar variations and volcanic eruptions, are 
some natural causes of climate change (EPA, 2012). 
Ocean Current: The ocean current helps most to move the heat across the planet. This 
current circulates cold water from the poles to the equator and move warm water from 
the equator to the pole. If the movement stops, the poles will be colder and the equator 
will be warmer. 
Earth Orbital Change: Earth is sloped to the perpendicular plane at an angle of 23.5° of 
its orbital path (Climate Change Challenge, 2012). If any changes occur in the tilt of the 
earth, it seems too small but climatically it is important. This small slope change alters 
the strength of the seasons. In that case, more tilt makes warmer summers and colder 
winters, and alternately less tilt makes cooler summers and milder winters.  
Solar Variations:  Recently, scientists are speculating that an increase in the output of 
solar energy is the cause of the warming of a portion in the first half of the 20th century 
(EPA, 2012). The changes in the output of sun’s energy can cause the climate change. 
Volcanic Eruption: At the time of eruption, volcano throws out a large amount of 
Sulphur dioxide (SO2), water vapours, dust, and ash into the atmosphere. By the change 
of time, these gases and ash can change the pattern of our climate. These gases are 
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influencing the cooling system of our world, by reflecting the solar energy back to the 
space and having a cooling effect on the world. 
2.2.2 Human Causes of Climate Change 
A report by the Royal Society 2010 of Great Britain says that the warming of the Earth 
over the last half-century is mainly caused by human activities (Climate Change 
Challenge, 2012). The Industrial Revolution, which began in the 18th century, increased 
the amount of carbon dioxide (also known as CO2) in the atmosphere by about 40%. 
The amount of absorption of CO2 in the Earth's atmosphere seems that now it is higher 
than at any time in at least the last 800,000 years (Directigov, 2012). Around 30% 
sunlight coming on earth reflects back by the top of our atmosphere into the space. 
Approximately two-third of this reflection occurs due to cloud and some small particles 
named aerosols (IPCC, 2007). This aerosol is caused by the flame of industry, volcano 
and so on. Human activities are mainly increasing the amount of greenhouse effect by 
three ways. They are: 
 
Burning fossil fuel: In 2005, by burning fossil fuels, about 27 billion tons of carbon 
dioxide came into the atmosphere (Directigov, 2012), where the main source is the gas 
from burning of fossil fuel in industry, agricultural equipment, all sorts’ of 
transportation vehicles and residential use such as heating homes, cooking foods and so 
on.  
Deforestation: A major contributor to climate change is cutting down the forests faster 
than they are replaced. Deforestation causes a huge impact to carbon emissions. The 
reason is that the trees absorb CO2 when they grow up. When the amount of cutting 
trees will increase, the absorbents of CO2 from our atmosphere will decrease.  
A growing world population: The population of this world is increasing day by day. But 
the energy resource is not increasing. The over growing people use nature for their food, 
livestock and energy, and by using the resources, they release greenhouse gas. 
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2.3 Effects of Climate Change 
Global climate change has already affected our environment (IPCC, 2007). Between the 
years 1900 and 2005, the global temperature increased 0.78°C (US National Research 
Council, 2008). Although, this temperature change appears to be very small amount, it 
is very dangerous for Earth. This small change can cause an enormous change in 
environment. At the end of the ice age, the average temperature was only 5°C to 9°C 
cooler than today. At that time, the Northeast of United States was covered by more 
than 914.4 m of ice (NASA, 2011). A total of 1300 scientists from the United States and 
other country are working together at The Intergovernmental Panel on Climate Change 
(IPCC), which says that the temperature will rise from 2.5°C to 10°Cover the next 
century (NASA, 2011). 
 
The selected parameters that quantify the effects of global climate change are: 
 
Temperature Change: Since 1850 when data collection started, it has been observed that 
last decade (2000-2009) was the warmest decade. In the last century the average 
temperature of the atmosphere near the Earth’s surface has risen by about 0.75 degrees 
Celsius (Directgov, 2012). It will melt the glaciers and sea ice in faster rate, which will 
lead to rise up of sea levels. These changes in climate will create extreme weather 
events more frequently. 
Effect on Rainfall: Climate change has become the cause of heavy rainfall over different 
parts of the world. This rate is increasing in a large scale and causing natural devastation 
such as river flood which can cause huge economic losses by damaging the 
infrastructure, property and agricultural land. Due to the increase of rainfall, storm surge 
and cyclone, the impact and intensity of flood will be higher in 21st century (IPCC, 
2008).  
Effect on Cyclone: Cyclones form in the places, where water is warmer than 26 degrees 
Celsius in an area of low pressure (Boness, 2011). Increase in global temperature may 
induce more frequent, stronger cyclones in the future. 
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Effects on monsoon: The climate change is changing monsoon also. The South Asian 
summer monsoon which is highly related to agriculture in Bangladesh, India, Nepal and 
Pakistan, could be spoiled and delayed due to this rising temperatures in the future, 
according to a recent climate modelling study (Andrew and Turner, 2012). 
Rising sea level in the coastal region: As the Earth’s climate warms, the temperatures of 
oceans also increase. As a result of ice caps melting, ocean water expanding, sea level 
rises. The average sea level around the UK is now about 10 centimetres higher than the 
level of 1900. By the end of the 21st century, the average sea level could rise by 18 to 59 
centimetres, or more (Directgov, 2012). Rising sea levels can flood small, low-lying 
islands and can endanger millions of people living in low-lying areas. 
Plants and animals: The future changes in nature of rainfall and temperature will also 
affect many animals and plant species around the world which will lead to extinction 
many species of plants and animals. 
Disease: The disease malaria, West Nile disease, dengue fever and river blindness are 
increasing due to rising temperature in different regions. It is predicted that by the 
2080s, 290 million more people could be exposed to malaria (Directigov, 2012) 
Rainforests: As a result of climate change, the amount of rain fall is changing. So, large 
areas of the Amazon and central African rainforests may be lost (IPCC, 2008). People 
have already cut down many trees for their food and to make open place to live and 
cultivate.  
2.4 Global Climate Change and Natural Disaster 
The global climate change has increased the natural disaster significantly by its intensity 
and frequency. The study by Munich (2007) indicated that the natural disasters have 
increased significantly over the last 50 years especially from 1950 to 2005. Figure 2.1 
illustrates the increasing trend of frequency of natural disaster from 1950 to 2005. 
Between 1950 and 1969, fewer than four natural disasters occurred in most of the year. 
From 1950 to 1969, the natural disaster was mainly classified as the storms, floods and 
earthquakes, tsunamis and volcanic eruptions. The natural disaster due to extreme 
temperature occurred in 1970. Since 1982, the heat wave and wildfire (bush fire) due to 
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extreme ambient temperature have become a common event as natural disasters. From 
1985 to 1999, the number of natural disasters increased sharply. A similar increase was 
noted for the period of 2003 to 2005. 
 
Figure 2.1. Trend of natural disasters from 1950 to 2005 (adapted from Munich, 2007) 
 
 
Figure 2.2. Trend of economic and insured losses from 1950 to 2005 (adapted from 
Munich, 2007) 
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Figure 2.1, also indicates that the flood and storm increased rapidly since 1985. The 
increasing trend of the natural disaster can have direct relevance with the global climate 
change. In Figure 2.2, the economic and insured losses caused by natural disasters are 
shown. The economic losses due to natural disasters jumped from US $ 20 billion dollar 
in 1987 to nearly US $ 180 billion in 2005. Furthermore, the study of Munich (2007) 
also showed that 70% of insured loss was due to the windstorms. 
2.5 Impact of Climate Change on Industry 
In all kind of industries, two major factors caused by the climate change need to be 
considered, one is to reduce the greenhouse gas emission and other is to ensure the 
reliability of the industrial operation. In Table 2.1, the direct and indirect impact of 
climate change on industry has been represented. For built environment direct impact is 
to ensure structural integrity, safety, service and operation. For built environment such 
as building construction and civil engineering, direct impacts are energy costs, material, 
structural integrity and the process of construction. Indirect impacts are the new 
standard and legislation, and change in consumer choice, which may lead to change in 
financial planning. Coastal industries and infrastructures are in a great risk of climate 
change. For instance, concrete structure will experience increase corrosion. 
Furthermore, extreme heat wave will cause disruption of operation of commercial and 
residential buildings, equipment such as air-conditioning systems, lift and accelerator, 
pumping equipment and so on. 
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Table 2.1. Direct and indirect impacts on industrial sectors (Adapted from Wilbanks, 
2007). 
      
Industry Direct Impacts Indirect Impacts. 
Built Environment: 
a. Energy costs                                           
b. External fabric of buildings                             
c. Structural integrity                                      
d. Construction process                              
e. Service infrastructure. 
a. Climate driven standards and 
regulations                                            
b. Changing consumer awareness  
and preferences. 
Construction 
Civil Engineering 
 
Infrastructure Industries: 
a. Structural integrity of  
    infrastructures                                             
b. Operations and capacity                                 
c. Control systems. 
a. Changing average and peak 
demand                                                 
b. Rising standards of service. 
 i. Energy 
ii. Water Management. 
iii. Water and waste water  
         drainage. 
iv. Transportation. 
v. Telecommunications. 
Natural Resource Intensive: 
a. Risks to and higher costs of  
input resources                                                   
b. Changing regional pattern of  
production. 
a. Supply chain shifts and  
disruption                                         
Pulp and paper  
Food processing 
 b. Changing lifestyles  
influencing demand 
   
 
New building materials need to be introduced to protect from climate change impact in 
construction process which will increase the construction cost. Another impact would 
be in energy consumption trend and adaptation for green material and facilities.  Current 
systems, machines and processes need to be more energy efficient, which incurs cost of 
research, application and adaptation. Energy management and planning, water 
management, waste water drainage system, transportation system all will have direct 
impact and which will need adaptation in design phase to reduce the economic losses. 
An increase of temperature will create not only the problem in cooling system but also 
enhance the demand of power supply for residential and commercial air-conditioning 
systems. Besides, new standard and regulation for reducing carbon emission and energy 
consumption, will add minor impact on these industries. Due to the climate change, the 
supply of raw materials of some industries such as pulp and paper industries, and food 
industries will be affected. It will also hamper production process. Natural disaster will 
affect the supply of the raw materials to resource intensive industries (IPCC, 2007). 
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2.6 Impact of Climate Change on Design Parameters 
There is a significant impact of climate change on design parameters. To ensure safety, 
operability and application of a product or system throughout its operation life period, 
climate change impacts should be adapted in design parameters. The impact of climate 
change on design parameters are described as follows: 
 
(a) Temperature 
Change in temperature is a big concern for climate change impact. In designing systems 
or plants, it is a common practice to consider a design temperature based on an average 
temperature of previous stipulated time period. Ambient temperature and fluid 
temperature are mostly used in specifying the design parameter. In Voiland (2011), the 
temperature increase from 1880 to 2000 based on four studies has been plotted in Figure 
2.3. The figure shows the temperature increased gradually from 1910 to 2000 with some 
fluctuations. The graph clearly indicates the gradual temperature rise. 
 
Figure 2.3. Increase of world temperature based on different meteorological studies 
(adapted from Voiland, 2011). 
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(b) Structural Design 
In high temperature metal deforms and creates failure of the structure such as rail line 
damages (buckling) in Melbourne, Australia in summer season. In designing a metal 
structure, engineer should not only take account historical temperature data but also 
possible future temperature data. For example, ‘Ferris Wheel’ was built at the 
Waterfront City precinct in Melbourne, Australia. The cost was AUD$100 million to 
build and was opened to public in December, 2008, but subsequently was shut down on 
the following month due to cracks developed in the structure. The investigation revealed 
that lower than usual temperature was used in design parameters.  
(c) Cooling System Design 
In designing the cooling system of power plants, the climate change on the adjacent 
cooling water supply source, should be thoroughly investigated. Instead of considering 
past historical maximum temperature data, projected maximum water temperature 
during summer season in upcoming centuries should be taken into account for the 
design of power plant cooling systems. Furthermore, the impact of climate change on 
the hydrology of cooling water supply should be considered. Possibility of increasing 
drought period in summer season should also be considered in designing cooling 
system. The increasing trend of atmospheric temperature should also be considered in 
design phase.  
(d) Corrosion Allowance  
Increased salinity in the water can increase the corrosion. If the cooling water systems 
are exposed to increased salinity, all machines, metals and structures of the cooling 
system will be subjected to increased corrosion. So for the designing of machine, piping 
system or steel structure in climate change vulnerable area subject to salinity, higher 
corrosion allowance factor should be taken into account. Climate change may create a 
considerable impact on carbonation-induced corrosion for early constructed concrete 
structure such as bridges. Wang et al. (2010) found that the bridge constructed in 1925 
in Sydney has only 29 mm concrete cover. They found that the probability of corrosion 
initiation is 72, 67 and 63 percentage points by 2100 and 550 ppm (parts per meter) 
stabilisation emission scenarios, respectively, in comparison with 51 percentage points 
estimated in the absence of climate change. 
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(e) Wind Speed 
In coastal areas, the wind speed can be increased significantly due to global climate 
change. So, in calculating structures in coastal areas, the projected increase of wind 
speed should be taken into account (Holmes, 2011).  
(f) Humidity and Precipitation 
On July/August 2005, India experienced its worst flood in history due to a record level 
precipitation of 944 mm rain within 24 hours. This incurred an economic loss of US$5 
billion. Hurricane Katrina on 2005 made US$125 billion economic loss in USA (The 
World Bank., 2006). For this reason the design of plant facility drain water system 
should consider this increased precipitation rate.  
(g) Plant Height 
The production plant area of an industry in inundation risk region should be high 
enough to eliminate the effect of sea level rise. Also the valve, instrument should be at a 
height to eliminate damage due to increased flooding. A flood safety wall around the 
plant can be designed to reduce the risk due to flood.  
(h) Ingress Protection and Water Resistance 
Increase rate of precipitation, wind storm and flood will require to upgrade the ingress 
protection of instruments and equipment. Furthermore, plant in flood prone area should 
be water resistant to eliminate the damage due to increased flooding.  
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2.7 Reviews on Different Types of Power Plant 
Power plant or power stations are defined as industrial facility to generate electric 
power. There are several types of power generation plants. In following subsections 
brief description of most widely used power plants is represented: 
2.7.1 Thermal Power Plant 
Thermal energy of fuel is converted to rotational energy in Thermal Power Plants. There 
are several types of Thermal Power Plant. A short brief of these power plants are 
described below.  
A. Steam Turbine Power Plant  
About 90% of the total electric powers of the world are produced from steam turbines 
Efficiency of steam turbine depends on the maximum temperature of the steam. It uses 
the dynamic pressure of expanding steam to rotate the blades of the turbine. Schematic 
of such power plants principle and working cycles are shown in Figure 2.4 
 
                               (a)                                                                     (b) 
Figure 2.4.  Steam Power Plant with an Ideal Rankine Cycle. (Cenegal and Boles, 1998) 
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Heat is added in the boiler which converts water to steam. The steam flows over the 
turbine and rotates the shaft of the turbine, which in turn rotates the shaft of the 
generator and produce power. After the turbine steam flows to condenser and condense 
to water. The water then flows to pump which flows water back to the boiler and the 
circle continues and the plant produces power. A portion of the produced in the plant is 
used to operate the machines and equipment in the system. Most of the power plants 
have the efficiency ranging in between 20 to 40%.  
 
B. Gas Turbine Power Plant 
In gas turbine power plant dynamic pressure of flowing gases (air and combustion 
products) rotates turbine and generate electricity. The principle of generation of power 
in this type of power plant is Brayton cycle. In Figure 2.5, a schematic is represented to 
describe the basic working principle in gas turbine power plant. Compressed air and 
fuel (Oil/Gas) makes chemical reaction and burns in combustion chamber, which in turn 
produce high temperature (900 to 1500°C) exhaust gas. These high speeds exhaust gas 
flows over turbine and rotate it and produce power through generator. Natural-gas 
fuelled power station has the capability to supply power quickly. For this reason it is 
mostly used in peak load power plants. However, the production cost is high in this type 
of power plants. 
 
 
                              (a)                                                                             (b)  
Figure 2.5. Schematic of Gas Turbine Power Plant with Brayton Cycle. (Rehman, 2012) 
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C. Combined Cycle 
Combined cycle power plants are the combination of both steam turbine power plants 
and gas turbine power plants.  The main parts of a combined cycle power plants are a 
gas turbine, a steam generator and a steam turbine. The working principle of combined 
cycle power plant is represented in Figure 2.6. Exhaust gas coming from the gas turbine 
is reused to boil water and produce steam, which rotates turbine and generate electricity. 
The exhaust gas from gas turbines comes at a temperature of 450 to 650°C.  These 
passes through a heat recovery steam generator unit which generate steam at a typical 
temperature of about 550°C and high pressure (30-120 bar). The steam turbine utilise 30 
to 40% energy of the exhaust gas and increase the overall efficiency. As the overall 
efficiency of this type of power plant is high, they are used in most base load power 
stations now days and mostly operated with natural gas.  
 
Figure 2.6. Combined Cycle Power Plant. (ZERO, 2012) 
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2.7.2 Nuclear Power Plant 
Currently 30 countries around the world producing electricity from 437 Nuclear 
Reactors, which constitute 12.5% of total electric power generation of the world. The 
thermal energy released in a nuclear fission reaction of radioactive material is used to 
generate power in nuclear power plant. Uranium 235, abbreviated as U-235 is often 
used as fuel in nuclear reactor as it split readily and releases large amount of energy as 
heat during nuclear fission reaction. U 235 is only 5% of material in fuel rod used in 
nuclear reactor. As the fission reaction is a chain reaction with continuous release of 
neutrons, control rods are used in the reactor to control the chain reaction. The water in 
the reactor reaches 325°C. To prevent the water from boiling a pressure of about 150 
times of atmospheric pressure is maintained in the reactor. The released huge thermal 
energy is absorbed by the water in the reactor which in turn heats the water in steam 
generator and generates steam. These steams from the steam generator flows over the 
steam turbine, rotates it and generate power (Figure 2.7). Nuclear power plants does not 
involve fossil fuel burning, thus it is a green technology. It also facilitates enormous 
power generation without dependency on fossil fuel. That is why it is widely used as a 
green technology for large scale power production. However, nuclear power plant 
involves a major safety concern due to its risk of uncontrolled chain reaction in the 
reactor.  
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Figure 2.7. Schematic of a Nuclear Power Plant. (Dettmering, 2012) 
2.7.3 Hydroelectric Power Plant 
Hydroelectric power plant is a world largest renewable energy source which account for 
18% of total electric power generation of the world. Hydroelectric power plant 
harnesses the energy of stream flow and converts it to useful mechanical energy through 
the rotation of turbine. Figure 2.8 represents the schematic of hydropower plant. A dam 
is built on the mouth of stream flow or reservoir. There is an intake structure in the dam 
which guides the water to the control gate. When the gate is open, water flows to the 
turbine through the penstock. The turbine rotates and power is generated through the 
generator. Kinetic energy of the steam flow and potential energy of the stored water in 
the reservoir is utilised in the hydroelectric power plant. Hydroelectric power plant is 
one of the high efficiency renewable power generation systems with zero emission. 
However, it has some environmental issues such as change of natural stream flow, 
threat on biodiversity of marine lives, possibility of drought and flood.   
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Figure 2.8. Schematic of a hydro-electric power plant. (Bonsor, 2012) 
2.8 Climate Change Impact on Power Generation 
As mentioned earlier, energy is the key driving force for all economic activities and 
industrialisation. For the sustained economic growth, secured energy and power supply 
are vital. The changes in temperature and rainfall patterns due to the climate change can 
have significant implications for the existing and future power plants and power 
infrastructure. Weather and climate can affect all major features of the electric power 
sector, including electricity generation, transmission and distribution systems, and end-
user demand for power (Department of Energy Office of Science, 2012). The potentially 
affected sectors of power plants, transmission, distribution and consumer demand loads 
are shown in Figure 2.5. The electricity generation at thermal power stations/plants 
becomes less efficient with the increase of ambient air temperature (Department of 
Energy Office of Science, 2012). Hydropower plants can also be affected by the global 
climate change. Factors such as rainfall amount, snow pack levels, and the timing of 
snow melting may affect the river flow and reservoir levels. The power generation from 
the renewable energy resources can also be affected by the climate change. For 
example, the power generation by solar panels may be influenced by cloud cover and 
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solar insulation. Similarly, a change in wind patterns (speed, direction and gustiness) 
may result in a noticeable impact on future power generation from the wind. Due to 
high ambient temperature, the thermal expansion of transmission and distribution power 
lines can create line sag causing less amount and delayed power supply through lines. 
Furthermore, higher temperature during summer may increase the demand for 
electricity to run air conditioners and refrigerators. Recently, some disruptions of power 
transmission have been observed due to the extreme weather conditions believed to be 
climate change in some countries. For example, in 2009, the energy supply in Brazil 
experienced severe blackouts due to extreme weather conditions. About 40% of 
Brazilian National Power Grid System loads were disrupted (Ordacgi-Filho, 2010). The 
input energy sources for most thermal power plants are mainly coal (black and/or 
brown), diesel, gas and furnace fuel.  The power output of thermal power plants are 
severely affected by high ambient temperature (Linnerud et al., 2011). 
 
Figure 2.9. Potential impacts of climate change on power systems (Department of 
Energy Office of Science, 2012) 
The scale and level of effects depend on the geographical location of the power plants, 
site and ambient conditions.  Greis et al. (2009) examined a specific conventional 
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steam/gas power plant site in Germany and identified that by 2050 the rising average air 
and water temperature levels will affect the gross power output of the power plants. A 
study by the Inter-Governmental Panel on Climate Change (IPCC, 2007) reported that 
the frequency of periods characterised by water shortages and high water temperatures 
will increase in Europe and other parts of the world. For cooling purpose power plants 
require a constant supply of fresh water. Lower temperature of water generally ensures 
the higher efficiency of the cooling system and hence the efficiency of the power plants. 
Around 43% of the European Union’s fresh water supply is used for the cooling of 
power plants (EUREAU, 2009). Heat wave and draught both reduce the cooling 
capacity of the power plant. Power generation could be severely restricted by the 
increasing river water temperature and decreasing stream flow (Förster and Lilliestam, 
2009). 
2.9 Concluding Remarks for this Chapter 
Design parameters of the industries, such as temperature, structural design, cooling 
system design, corrosion allowance, wind speed, humidity, plant height, ingress 
protection and water resistance need to be modified to adapt with climate change. 
Among the industries power generation plant, especially fossil fuel based power plants 
are much vulnerable to climate change. The efficiency of fossil fuel based power plant 
depends on ambient temperature, cooling water temperature, humidity and availability 
of water, which in term vulnerable to climate change. Few studies have indicated that 
the global climate change will reduce the power generation capacity. However, they 
have not identified the potential risk factors and parameters for power generation due to 
global climate change. There is a research gap in understanding and quantifying the 
potential risk of global climate change on power generation capacity both in developing 
countries like Bangladesh and developed countries like Australia. The amount of power 
generation and the risk regions by the year 2100, both in developing and developed 
countries, need to be investigated and identified. This will fill up present gap in the 
body of knowledge in understanding the impact of climate change on power plant and 
ensure future sustainability in power generation.  
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Chapter 3 
Case Study-I: Bangladesh 
This chapter discusses the Impact of climate change on power generation in 
Bangladesh. It is one of the developing countries in the world which has high risk of 
global warming. For this reason, Bangladesh has been chosen as a first case study of 
this research work. In the following subsections, present and future power generation 
and the impact of climate change on the power generation has been analysed and 
identified. 
3.1 Demands for Electricity 
The power generation in Bangladesh is not capable of meeting existing demands. Only 
around 18% of the population (25% in urban areas and 10% in rural areas) has access to 
electricity, and per capita commercial power consumption is among the lowest in the 
world (Siddiqui, 2008). For a sustained economic growth, the country needs adequate 
supply of power for its industrial, agricultural and residential sectors. The government 
of Bangladesh is seeking foreign and local investments in its industrialisation and 
infrastructural development. At this point of time, the power generation supply is the 
key constraint. 
In Figure 3.1, the power actually served and the maximum load shedding are given for 
the fiscal year 1995-96 to 2010-11. The graph shows that the power demand served by 
the power sector of Bangladesh government increased slowly from 1994-95 to 1997-98. 
In the meantime the maximum load shedding also increased moderately. From the fiscal 
year 1997-98 to 2003-2004, the actual demand served also increased significantly. In 
this period, the maximum load shedding reduced and in some cases it has remained 
constant. Though, the demand served followed an upward trend between 2004-2005 and 
2010-11, but the maximum load shedding also increased significantly. From overall 
interpretation of the graph it is evident that though the amount of demand served 
increased gradually, the maximum load shedding also increased with the same pace. 
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This increasing load shedding illustrates the crisis of power supply and demand in 
Bangladesh. The main reason for this crisis is that the rate of increase of power 
generation is not equal to the rate of increase for both residential and commercial users. 
Table 3.1 shows the number of residential, agricultural and industrial purpose users 
from 2000-01 to 2008-09. The table identifies that the number of agricultural users, 
residential users and large industry users is increasing.  
 
 
Figure 3.1. Load shedding variation with demand served (for consumers connected with 
the Grid) [adapted from Bangladesh Power Development Board (2011)] 
 
Table 3.1. Electricity consumers in Bangladesh [adapted from Bangladesh Power 
Development Board (2009)] 
Year Residential household User Agricultural User 
Large Industry and 
Commercial User 
2000-01 1,134,074 18,293 1,890 
2001-02 1,221,324 17,215 1,999 
2002-03 1,270,727 15,084 2,038 
2003-04 1,359,724 14,284 2,183 
2004-05 1,114,679 12,484 1,867 
2005-06 1,165,265 14,911 2,010 
2006-07 1,272,144 17,693 2,163 
2007-08 1,385,424 21,191 2,299 
2008-09 1,495,195 25,175 2,534 
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3.2 Status of Current Power Generation 
At present, 54 power plants (publicly and privately owned) are producing power across 
the country with a total power generation capacity of around 6,688 MW as on mid-
2011. These power plants are located in seven administrative regions (Barisal, 
Chittagong, Dhaka, Khulna, Rajshahi, Rangpur and Sylhet). The location and power 
generation capacity for each administrative region are shown in Table 3.2. The table 
indicates that most power generation capacities are concentrated in two major cities: 
Chittagong and Dhaka. These two cities are the hubs for economic and industrial 
activities of the country. Table 3.3 illustrates the type of power plants based on used 
fuel type. The table also shows that over 80% of Bangladesh’s currently generated 
power is coming from gas fired power plants.  Remaining power plants are based on 
fuel oil (FO)/high speed diesel (HSD)/light diesel oil (LDO). It may be mentioned that 
Bangladesh has extremely scarce in hydro power resources due to its geomorphology. 
The single hydropower plant of the country is located in Kaptai near Chittagong which 
produces only 3.35% of the total generated power as shown in Table 3.3. 
Table 3.2. Power plants across Bangladesh as on December, 2010 [adapted from Power 
Division (2011)] 
Region Number of Power Plant Total Capacity (MW)  
Barisal 2 51 
Chittagong 12 1,862.50 
Dhaka 17 3,316.05 
Khulna 5 505 
Rajshahi 5 330 
Rangpur 5 346 
Sylhet 8 277 
Total 54 6,687.55 
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Table 3.3. Power plants by fuel type till December 2010 [adapted from Power Division 
(2011)] 
Type of Fuel Number of Power Plant 
Total Capacity 
(MW) Percentage (%) 
Gas 38 5,480.55 79.86 
FO1/HSD2/LDO3 14 902 13.14 
Coal 1 250 3.64 
Hydro 1 230 3.35 
    1FO - Furnace Oil 
 2HSD - High Speed Diesel 
 3LDO - Low Density Oil.  
 
3.3 Power Generation Plan for Next Five Years 
In order to meet the high demand for power and to accelerate the country’s rapid 
industrialisation, the government of Bangladesh has undertaken a series of initiatives 
and long term plans for power generation (Power Division, 2011). Table 3.4 shows new 
installations in MW between the year 2011 and 2016. The table also shows the type of 
fuel which will be used for those power plants. Table 3.3 indicates that gas is the main 
source of fuel of existing power plants. Due to the shortage of gas supply, the country 
has planned to reduce its dependency on gas fired power plants. A significant number of 
power plants based on coal, furnace oil (Fuel oil (FO), high speed diesel (HSD)), diesel, 
wind and solar energy will be set up between the year 2011 and 2016 as shown in Table 
3.4. This will be for small scale power plants mainly in private sector. Emphasis should 
be given on power generation from renewable energy sources especially from wind and 
solar resources as currently Bangladesh produces negligible power from wind and solar 
resources. The country has immense potential for power generation from wind along its 
750 km long coastline. Currently, the government has planned to install wind turbines to 
generate 100 MW power from wind by 2013 and 12 MW power from solar energy by 
2012. Table 3.5 and Figure 3.2 illustrate the district wise power generation capacity by 
year 2016.  
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Table 3.4. New installations of power plant in MW, based on fuel type [adapted from 
Power Division (2011), Bangladesh Power Development Board (2009) and Power Cell 
(2006)] 
Type of Power 
Plant 2011 2012 2013 2014 2015 2016 
Gas 544 460 1,114 1,408 450 1,500 
Coal 
   
550 1,900 1,300 
FO1 1,248 1,145 
    
Diesel 100 
     
Gas/FO 302 390 520 365 
  
Gas/Diesel/HSD2 150 0 
Wind 
  
100 
   
Solar 
 
12 
    
1FO- Furnace Oil  
2HSD- High Speed Diesel  
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Table 3.5. District wise current power generation and five year power generation plan in 
Bangladesh [adapted from Power Division (2011), Bangladesh Power Development 
Board (2009) and Power Cell (2006)]. 
 
District 
Power Generation 
in MW by year 
2030 
Power Generation 
in MW by year 
2050 
Power Generation in 
MW by year 2070 
Power Generation in 
MW by year 2100 
Case A Case B Case A Case B Case A Case B Case A Case B 
Barisal 142 64 312 140 831 373 993 446 
Bhola 328 147 722 324 1,921 862 2,296 1,030 
Bogra 248 111 546 245 1,454 652 1,738 780 
Brahmanbaria 2,409 1,081 5,307 2,382 14,121 6,337 16,881 7,575 
Chandpur 263 118 579 260 1,540 691 1,841 826 
Chapainawabganj 221 99 488 219 1,298 582 1,552 696 
Chittagong 4,897 3,682 10,791 8,114 28,710 21,588 34,321 25,807 
Cox's Bazar 0 1,800 0 3,966 0 10,551 0 12,614 
Comilla 232 104 512 230 1,363 612 1,629 731 
Dhaka 1,837 824 4,048 1,816 10,771 4,833 12,876 5,778 
Dinajpur 738 8,429 1,626 18,575 4,326 49,423 5,172 59,082 
Feni 49 22 107 48 286 128 341 153 
Faridpur 74 1,383 163 3,047 433 8,108 517 9,692 
Gazipur 598 268 1,317 591 3,504 1,572 4,189 1,880 
Gopalganj 148 66 325 146 865 388 1,034 464 
Habiganj 1,415 635 3,119 1,399 8,298 3,723 9,920 4,451 
Jamalpur 148 66 325 146 865 388 1,034 464 
Jessore 214 96 472 212 1,255 563 1,500 673 
Khulna 3,099 2,380 6,830 5,246 18,171 13,957 21,722 16,685 
Kushtia 782 351 1,724 773 4,586 2,058 5,482 2,460 
Mymensingh 359 161 790 355 2,103 943 2,514 1,128 
Munshiganj 443 199 976 438 2,596 1,165 3,103 1,392 
Narayanganj 6,204 3,684 13,672 8,118 36,376 21,598 43,486 25,820 
Natore 74 33 163 73 433 194 517 232 
Nilphamari 177 79 390 175 1,038 466 1,241 557 
Narsingdi 1,801 808 3,969 1,781 10,559 4,738 12,623 5,664 
Pabna 251 1,612 553 3,553 1,471 9,453 1,758 11,300 
Rangpur 30 13 65 29 173 78 207 93 
Rajshahi 148 66 325 146 865 388 1,034 464 
Sirajganj 1,198 538 2,641 1,185 7,026 3,153 8,399 3,769 
Sylhet 576 258 1,268 569 3,375 1,514 4,034 1,810 
Tangail 62 28 137 61 363 163 434 195 
Thakurgaon 83 37 182 82 485 217 579 260 
TOTAL 29,244 29,244 64,443 64,443 171,460 171,460 204,971 204,971 
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Figure 3.2. Power generation capacities on different districts of Bangladesh at the end of 
2016 
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3.4 Projected Power Generation by Year 2100 
Scant information is available on future demands for power generation in Bangladesh 
except the study by Mondal et al. (2010). They made a comparative study of power 
generation demand forecast up to year 2035. In their study, they took the base year 
2005. They used the Long-Range-Energy Alternative Planning (LEAP) model with 
three different levels of gross domestic product (GDP) projections. These GDP 
projections are: a) Low Growth GDP, b) Average Growth GDP, and c) High Growth 
GDP. Under Low Growth GDP scenario, the real GDP growth rate stabilised at 5.5% in 
2009 and continues at this level through to 2025, when it drops to 5.3%. Thereafter, it 
remains stable till 2035. For average growth GDP scenarios, the GDP growth rate rises 
to 7% by 2011, peaks at 8% in 2016, drops to 6.5% by 2026 and stays at this level till 
2035. For high growth GDP scenarios, the GDP growth rises to 7% by 2009, peaks at 
9% in 2016 and declines to 8% by 2035. It is to be noted that according to the average 
growth GDP scenarios predicted by Mondal et al. (2010)’s study, the total power 
generation demand by year 2030 is around 40,639MW which is a close estimate of the 
government plans to generate 39,000 MW power by year 2030. For this reason, the 
power demand projection by Mondal et al. (2010) for the average growth GDP 
projection has been considered in this study. Furthermore, Mondal et al. (2010) have 
divided the demand into five sectors, namely as a) industrial, b) commercial, c) 
residential, d) agricultural, and e) other sectors. Here other sectors include the electricity 
demand for public administration and defence, education, health, community, social and 
personal services. Residential electricity demands include urban residential and rural 
residential sectors. In this study, same projection for agricultural, commercial and other 
sectors has been used. However, for the residential demand some critical analyses are 
needed. 
In Alam (2004) and Bangladesh Power Development Board (2010), it was stated that by 
2020, 100% of the Bangladesh population will have access to the grid connected 
electricity and power. By considering this plan, it is assumed that by 2030, Bangladesh 
will meet 100% of its residential electricity demand. So for projection of the electricity 
demand in Bangladesh up to year 2030, Mondal et al. (2010)’s projection of residential 
power demand is used. However, from the year 2030 to 2100, an increased power 
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demand has been considered based on the population growth projection by the United 
Nations (2011). In United Nations (2011)’s report, it is projected that the population 
will peak at 194 million by year 2050 and thereafter it will start to decrease to 157 
million by 2100. Here, in the study, the population increase and decrease rates are used 
as the rate of demand growth in residential sector from the year 2030 to 2100. Using 
this population growth trend the projection of the residential power demand up to year 
2100 has been done.   However, some discrepancies in the industrial demand projection 
by Mondal et al. (2010) were noted. Their projection of power generation in the 
industrial sector for the year 2010 was 3,406 MW; however, in practice it was 2,129 
MW (Bangladesh Power development Board, 2010). The study projected the power 
demand growth of 69% from 2005 to 2010, whereas, the actual growth was 24% during 
same time (Power Cell, 2011).  In Mondal et al. (2010), a 13.8% yearly growth was 
mentioned in between the year 2005 to 2010 and 13.2% yearly growth between 2010 
and 2015 in the industrial sector, in comparison to the actual 4.8% growth for the same 
period. Due to these projection variations, the industrial growth demand projection of 
Mondal et al. (2010) has not been used in this study. An assumption of a 7% increase in 
industrial growth demand has been used. However, this growth has been considered till 
the year 2070 and kept at constant for the remaining years till 2100. The basis of this 
assumption is made by analysing the historical data of power consumption by western 
industrialised countries such as Sweden, Denmark, Spain, and Japan from the World 
Data Bank (2012).  In the report, it is noted that a growth in electricity consumption 
(demand) in above mentioned industrialised countries from 1960s to early 2000 was 
approximately 7% which was predominantly due to the growth of industrial sectors as 
population and other sectorial growths were minimal.  From the beginning of 2000 
(when it peaked) the industrial sector growth was either stable or on the decline (see 
Figure 3.3). The reason for this decline is primarily due to the saturation of 
industrialisation and transhipment of low cost manufacturing to developing countries 
especially to China and India.  
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Figure 3.3. Historical data of power generation in Sweden, Denmark, Japan and Spain 
 
Based on the historical trend for the power demand mentioned earlier, an assumption 
was made that Bangladesh will be fully industrialised by year 2070 and thereafter the 
power demand in the industrial sector will remain constant. For commercial, 
agricultural and other sectors the projected trend of Mondal et al. (2010) is used in this 
study and projected to year 2100. Taking into account all of these affects the study 
projected the power demand up to year 2100 as shown in Table 3.6.  
 
Table 3.6. Projected power generation in Bangladesh by year 2030, 2050, 2070 and 
2100 
 
Demand Area 
Total Generation in MW in different years 
2030 2050 2070 2100 
Residential 15,922 17,016 16,279 13,757 
Agriculture 1,989 6,374 13,276 28,489 
Commerce 2,500 7,491 15,269 32,293 
Industry 8,225 31,827 123,159 123,159 
Other 608 1,736 3,477 7,272 
Total 29,244 64,443 171,460 204,971 
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Two studies undertaken by Roy (2011) and Ruhullah (2011) reported that at present 
50% of Bangladesh population has access to grid connected powers. However, grid 
connected consumers do not necessarily get power supply continuously due the 
demands outstripping the generation. According to Bangladesh government Power 
System Master Plan (2010), the generation capacity requirement by 2021 is 24,000 MW 
and generation capacity requirement by 2030 is around 39,000 MW. Power System 
Master Plan 2006 provided a detailed plan for new installations, locations, plant 
generation capacities up to year 2016 [(Power Division (2011), Bangladesh Power 
Development Board (2009) and Power Cell (2006)]. Despite Power System Master Plan 
(2010) inclusion of long term goal and power generation plans, it is mostly a visionary 
goal for country’s energy sector development.  Due to huge power shortage, inadequate 
gas supply to power stations, rising cost of oil and gas, the Power System Master Plan 
(2010) emphasised to install more coal based power plants. The plan proposed to install 
a series of coal fired power plants to generate over 20,000 MW. Although the Master 
plan includes a long term strategy for power generation, it has not identified any impact 
of climate change on power generation and transmission systems in Bangladesh. 
Furthermore, the specific site selection and plant capacity for individual power plant 
was not mentioned in this Master Plan. However, the road map for coal fired power 
plant development by year 2030 has clearly showed the prospective location 
(Bangladesh Power Development Board, 2011). Although, there is a likelihood that coal 
fired power plants will emit more greenhouse gas, Bangladesh does not have any other 
viable alternatives due to country’s scarce financial resources and technological 
knowhow. Nevertheless, the pollution can be minimised substantially if advanced 
technologies are utilised. Prospective locations for future coal fired power plants are 
shown in Table 3.7. It may be noted that the largest coal fired power plant will be 
established in Dinajpur region adjacent to the country’s largest coal mine. Most other 
coal fired power plants will be installed in the coastal belts based on imported coals. 
The power plants at Narayanganj and Faridpur region will be using local as well as 
imported coals. 
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Table 3.7. Prospective coal based power generation in different regions by year 2030 
 
 
 
 
 
 
 
 
 
 
 
 
In order to select the locations of power plants by year up to 2100, the study made some 
assumptions. The first assumption is that new installation of power plants will be 
located adjacent to existing power plants. This assumption is satisfied due to the fact 
that the installation of new power plant will be cheaper if they are built near the existing 
power plants as because of the availability of existing infrastructures, facilities, 
transmission lines, and more importantly availability of lands. Due to large population 
on a small land and rising sea level, there will be acute shortage of land for large scale 
infrastructure development in Bangladesh. The assumption is also satisfied with some 
current examples of recently completed and/or under construction power plants near the 
existing power plants (e.g., Meghnaghat in Narayanganj, Shikalbaha Power plant in 
Chittagong, Gorashal Power Plant in Narsingdi, and Ashuganj in Brahmanbaria). For 
the study of power generation from each regional location, the study considered two 
cases: Case A and Case B. In Case A, it is considered that the percentage share of power 
generation of each region by the power generation plan up to year 2016 based on data 
from Power Division (2011), Bangladesh Power Development Board (2009) and Power 
Cell (2006). In Roy (2011) and Ruhullah (2011), it was noted that by year 2030, nearly 
50% of power generation will be from coal based power plants. In Case B, it is 
considered half of the power generation by year 2030 will follow the power generation 
trend by year 2016. For the rest half of the power generation, a percentage share of the 
Coal Based Power Generation in MW by 2030 
Imported Coal 
Khulna 1,320 
Chittagong 1,980 
Faridpur 1,800 
Cox's Bazar 2,400 
Narayanganj 1,200 
Local Coal 
Dinajpur 10,800 
Total                                                = 19,500 
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coal fired power plant has been added as shown in Table 3.7. Taking into account these 
two considerations (Case A and Case B), the study estimated the power generation 
capacity for each district by year 2030. Same percentage trend has also been used for 
the year 2050, 2070 and 2100. In Table 3.8, the projected power generation for different 
regions is illustrated based on Case A and Case B.  
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Table 3.8. Prospective power generation for different regions by year 2030, 2050, 2070 
and 2100 
 
District 
Power Generation in 
MW on 2030 
Power Generation 
in MW on 2050 
Power Generation in 
MW on 2070 
Power Generation in 
MW on 2100 
Case A Case B Case A Case B Case A Case B Case A Case B 
Barisal 142 64 312 140 831 373 993 446 
Bhola 328 147 722 324 1,921 862 2,296 1,030 
Bogra 248 111 546 245 1,454 652 1,738 780 
Brahmanbaria 2,409 1,081 5,307 2,382 14,121 6,337 16,881 7,575 
Chandpur 263 118 579 260 1,540 691 1,841 826 
Chapainawabganj 221 99 488 219 1,298 582 1,552 696 
Chittagong 4,897 3,682 10,791 8,114 28,710 21,588 34,321 25,807 
Cox's Bazar 0 1,800 0 3,966 0 10,551 0 12,614 
Comilla 232 104 512 230 1,363 612 1,629 731 
Dhaka 1,837 824 4,048 1,816 10,771 4,833 12,876 5,778 
Dinajpur 738 8,429 1,626 18,575 4,326 49,423 5,172 59,082 
Feni 49 22 107 48 286 128 341 153 
Faridpur 74 1,383 163 3,047 433 8,108 517 9,692 
Gazipur 598 268 1,317 591 3,504 1,572 4,189 1,880 
Gopalganj 148 66 325 146 865 388 1,034 464 
Habiganj 1,415 635 3,119 1,399 8,298 3,723 9,920 4,451 
Jamalpur 148 66 325 146 865 388 1,034 464 
Jessore 214 96 472 212 1,255 563 1,500 673 
Khulna 3,099 2,380 6,830 5,246 18,171 13,957 21,722 16,685 
Kushtia 782 351 1,724 773 4,586 2,058 5,482 2,460 
Mymensingh 359 161 790 355 2,103 943 2,514 1,128 
Munshiganj 443 199 976 438 2,596 1,165 3,103 1,392 
Narayanganj 6,204 3,684 13,672 8,118 36,376 21,598 43,486 25,820 
Natore 74 33 163 73 433 194 517 232 
Nilphamari 177 79 390 175 1,038 466 1,241 557 
Narsingdi 1,801 808 3,969 1,781 10,559 4,738 12,623 5,664 
Pabna 251 1,612 553 3,553 1,471 9,453 1,758 11,300 
Rangpur 30 13 65 29 173 78 207 93 
Rajshahi 148 66 325 146 865 388 1,034 464 
Sirajganj 1,198 538 2,641 1,185 7,026 3,153 8,399 3,769 
Sylhet 576 258 1,268 569 3,375 1,514 4,034 1,810 
Tangail 62 28 137 61 363 163 434 195 
Thakurgaon 83 37 182 82 485 217 579 260 
TOTAL 29,244 29,244 64,443 64,443 171,460 171,460 204,971 204,971 
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3.5 Effect of Climate Change on Power Generation 
Due to global climate change, several natural environmental parameters will be varied. 
These parameters will intensify the frequency and time period of occurrence of natural 
calamities. Some of these parameters will have direct impacts on power plants layout, 
power generation transmission and distribution. These parameters are: 
(a) Temperature increase 
(b) Risk of inundation and salinity increase 
(c) Strom surge and cyclone 
(d) Flood risk 
(e) Drought threat 
(f) River erosion 
In following subsections the impact of aforementioned parameters on power plants in 
regard to their geographical locations across the country is discussed. The impact is 
grouped into three major categories: a) cooling effect associated with temperature 
increase and drought, b) inundation impact due to sea level rise, storm surge, salinity 
intrusion, river flooding, and c) physical risk due to erosion.  
3.5.1 Impact on Power Plant Cooling System 
Power plant cooling system will be affected due to rise in temperature due to global 
warming and shortage of fresh water due to drought. These effects have been analysed 
in the following sub-sections.  
(a) Temperature Increase 
The cooling system of power plant (hence the production efficiencies) is expected to be 
affected greatly by the global climate change. Usually, three different cooling systems 
based on their wide applications in most power plant cooling systems are: a) Once 
Through Cooling System which directly gets cooling water from surrounding water 
reservoir (river, stream, creek) and discharges it directly into the water sources; b) Once 
Through Cooling System with a Cooling Tower, by using which the water after passing 
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through the power plant goes to cooling tower where the temperature is reduced and 
then discharged to surrounding reservoir; c)  Closed Circuit Cooling System where the 
water re-circulates in the system after condensation and the heat reduction in cooling 
tower. Figure 3.4 shows a schematic of three cooling systems used for most power 
plants. Due to the global warming, the water temperature will also be raised. It may be 
mentioned that the lower the temperature of intake cooling water, the higher the 
efficiency of cooling system and hence the higher power production and reduction of 
fresh water usages. 
 
Figure 3.4. Schematic of three widely used different cooling system for power plant 
(Khan et al., 2011).  
Koch and Vögele (2009), and Rübbelke and Vögele (2011) developed a mathematical 
relation to assess the power plant’s performance due to cooling water temperature rise 
and water salinity. As presented in their study, the demand of freshwater for the cooling 
of a thermal power plant can be expressed using the following equation: 
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   (1) 
Where, 
QF = cooling water demand (m3), 
KW  = installed capacity (kW), 
h  = operation hours (h), 
3.6  = factor to convert kWh to MJ, 
ηtotal  = total efficiency (%), 
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ηelec = electric efficiency (%), 
α  = share of water heat not discharged by cooling water (%), 
β  = share of water heat released into the air (%), 
c  = specific heat capacity of water (MJ/ton °K), 
ω  = correction factor accounting for the effects of changes in air temperature and 
humidity within a year [-] (usually between 0.7 and 1.25), 
λ  = correction factor accounting for the effects of changes in efficiencies [–], 
ρ  = water density (ton/m3), 
AS  = permissible temperature increase of the cooling water (°K), and 
EZ  = densification factor. 
Equation (1) illustrates the correlation among energy conversation, fuel, waste heat 
generation and fresh cooling water demand.  It is worthwhile to mention that the 
efficiency of a power plant generally varies from 33% to 55% which means a power 
plant can produce power not more than 55% from the input energy and the remaining 
input energy is converted to heat, which is wasted and dissipated to the atmosphere 
through cooling water or air. The amount of total waste heat can be estimated based on 
produced electricity period (KWh) and efficiency data. Equation (1) shows the amount 
of waste heat that is removed by the cooling water from total waste heat results (KW.h. 
3.6. (1-ηtotal)/ηelec) multiplied by various correction factors. 
Generally two problems are associated with the cooling of power plants: a) limitation of 
water use, and b) limitation of water temperature. For example, to heat up 1 litre of 
water to 1ºC, 4.2 kJ energy is required. If the maximum allowable heating temperature 
is 28ºC and the intake water temperature is 18ºC, to dissipate 42 MJ of heat, it needs 
1m3 of water. If the intake water temperature increases to 23ºC and maximum allowable 
temperature is 28ºC, to dissipate the same amount of heat energy (42 MJ), at least 2 m3 
of fresh water is required. Therefore, the lack of fresh water will result in significant 
losses of power generation capacity.  On limitation of cooling water temperature and 
cooling water shortage, the power generation capacity of a power plant can be related to 
the equation (2). 
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Equation (2) depicts that if the temperature of the cooling water increases or there is a 
limitation of intake cooling water, the power generation capacity would be reduced. 
This reduction is more clearly evident in once through cooling system. In closed circuit 
cooling system the amount of required water will also be increased as due to increasing 
evaporation of discharge water in rising ambient temperature. In Bangladesh, an 
average temperature increase of 1.3ºC by year 2030 and 2.6ºC by year 2075 has been 
anticipated by Ahmed and Alam (1999). The National Adaptation Program of Action-
NAPA (2005) recommended 1.0, 1.4 and 2.4ºC temperature rises by year 2030, 2050 
and 2100 respectively. This temperature increase will surely affect cooling system of all 
the power plants in Bangladesh and elsewhere. 
(b) Shortage of Cooling Water due to Drought 
A detailed study on drought risk for Bangladesh has been carried out by Shahid and 
Behrawan (2008). They divided the western area of country into four zones namely very 
high, high, moderate and low risk zones. Table 3.9 showed the power generation 
capacity by year 2030, 2050 and 2100 in different districts that would be affected by 
severe drought. To calculate the impact on power generation in these drought affected 
regions, Case B approach has been used, which is described in Section 3.4. Reason for 
this consideration is that the plan for the single largest coal based power plant by year 
2030 is envisaged for these regions.  Power plants located in Dinajpur, Natore and 
Nilphamari regions will face very high risk of drought due to upstream fresh water 
utilisation and the change of weather pattern. A total of 8,542 MW by year 2030, 18,823 
MW by year 2050 and 59,871 MW by year 2100 will face very high risk of power 
generation due to the drought in these regions. In addition some other regions including 
Bogra, Jessore, Kushtia, Chapainawabganj, Rajshahi, Rangpur and Thakurgaon will 
also fall in to high risk drought zones. In these regions, current power generation is only 
264 MW and around 1,169 MW power generations will be installed by 2016. Based on 
the study projection, approximately 774 MW by year 2030, 1,706 MW by year 2050 
and 5,426 MW by year 2100 will be installed there. It means that a severe shortage of 
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fresh water for power plant cooling in these regions will reduce the efficiency and the 
projected power generation capacity.  
 
Table 3.9. Power generation (in MW) in drought threat regions by year 2030, 2050 and 
2100 
 
Very High Risk High Risk Moderate Risk 
Region Year 
Region 
Year Region Year 
2030 2050 2100 2030 2050 2100 2030 2050 2100 
 
   Thakurgaon 37 82 260     
 
   Rangpur 13 29 93 Shirajganj 538 1,185 3,769 
Nilphamari 79 175 557 Bogra 111 245 780 Pabna 1,612 3,553 11,300 
Dinajpur 8,429 18,575 59,082 Rajshahi 66 146 464 Faridpur 1,383 3,047 9,692 
Natore 33 73 232 Chapainawabganj 99 219 696 Gopalganj 66 146 464 
 
   Kushtia 351 773 2,460 Barisal 64 140 446 
  
   Jessore 96 212 673     
Total 8,542 18,823 59,871 Total 774 1,706 5,426 Total 3,663 8,071 25,671 
3.5.2 Inundation  
Sea level rise will induce several risks such as inundation and salinity increase, and 
storm surge and cyclone in coastal regions of Bangladesh. In the following subsections, 
the impact of these climate change effects on power generation has been analysed and 
identified.  
(a) Risk of Inundation and Salinity Increase 
Approximately 80% of the country’s land is on the floodplains of three large rivers, the 
Ganges (Padma), the Brahmaputra (Jamuna) and the Meghna (Karim and Mimura, 
2008). Furthermore, they mentioned that only 10% of Bangladesh landmass is 1 m 
above Mean Sea Level (MSL) and one-third landmass is under tidal influence. It may be 
mentioned that currently Bangladesh has over 750 km coastal front line along the Bay 
of Bengal (Indian Ocean). The study of Mohal et al. (2007) estimated that about 11% 
more land would be permanently inundated over the next century. Sundarbans, the 
UNESCO listed world heritage site and world’s largest mangrove forest, will be lost 
completely due to the sea level rise and high salinity by 2100. The world’s limited 
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number of tigers currently available in Sundarbans will also become extinct from our 
planet forever. Based on third IPCC report, the Bangladesh government formulated a 
National Adaptation Programme for Action (NAPA) which predicted the sea level rise 
of 14 cm, 32 cm and 88 cm by year 2030, 2050 and 2100 respectively.  
Mohal et al. (2007) developed a mathematical model of the Bay of Bengal to predict the 
invasion of sea water to the country’s mainland river networks. Based on 88 cm sea 
level rise in 2100, they used a one-dimensional model for inland tidal rivers and two-
dimensional model for Meghna Estuary region to identify the inundation and salinity 
intrusion. The simulated results indicate that around 11% area (4,107 km2) of the coastal 
zone will be inundated by the sea water. In addition, the sea water will enter almost 80 
km upstream to Chandpur region. Sarwar (2005) showed that with a sea level rise of 1 
m, approximately 17.5% of land (25,000 km2) of Bangladesh would be inundated by 
affecting almost entire Patuakhali, Khulna and Barisal regions. If the sea level rises 32 
cm (as predicted for year 2050), almost 84% of Sundarbans will disappear, and the 
entire Sundarbans will be affected by saline water by 2100 (as per the simulated 
prediction).  The affected areas will not only include the Sundarbans but also the power 
plants located in these regions (e.g., Bhola, Khulna, Barisal, Feni, and Chittagong).  For 
inundation and salinity increase risk assessment, Case A projection has been used for 
locations of power plants which is described in detail in Section 3.2. The reason for the 
consideration of Case A is that no large coal based power plant is planned for these 
regions. In terms of inundation, as depicted in Table 3.10, around 8,514 MW by year 
2030, 19,340 MW by year 2050 and 61,515 MW by year 2100 will be directly affected 
by the inundation. 
The study by Mohal et al. (2007) shows that the 5 ppt (parts per ton) saline front will 
enter about 40 km inland for a sea level rise of 88 cm. The study also indicates that 5 
ppt saline front will severely affect the fresh-water of the Tentulia River in Meghna 
Estuary by increasing the water salinity. All the coastal areas including nearby Jessore 
region will experience high salinity due to the climate change. The densification factor 
EZ was used in equation (1) and (2) for the salinity increase in cooling water due to the 
evaporation of cooling water at increased ambient temperature. With the increase of EZ 
the required amount of fresh water will also be higher. As shown in equation (1), the 
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densification factor due to increased salinity is directly proportional to the amount of 
fresh water. On the other hand, the salinity has significantly larger effect on power 
generation. As shown in equation (2) with the increase of densification, the power 
production will reduce inversely. It is now clearly evident that the increasing salinity 
has a negative impact on power plant efficiency and overall power production. 
Furthermore, increased salinity will increase corrosion of the equipment, pipe and other 
infrastructure of power plants. Table 3.10 illustrates the impact of salinity by year 2030, 
2050 and 2100. Due to increased salinity power generation of 8,991 MW by year 2030, 
19,812 MW by year 2050 and 63,015 MW by year 2100 will be affected in these 
regions alone.  
Table 3.10. Affected regions due to various natural calamities and threat to power 
generation (in MW) 
Risk Type Barisal Bhola Chandpur Chittagong Feni Jessore Khulna 2030 2050 2100 
Inundation √ √  √ √  √ 8,514 19,340 61,515 
Salinity √ √ √ √ √ √ √ 8,991 19,812 63,015 
Storm Surge √ √ √ √ √  √ 8,777 19,340 61,515 
Tidal Wind √ √  √ √  √ 8,514 18,762 59,674 
Cyclone √ √ √ √ √  √ 8,777 19,340 61,515 
(b) Storm Surge and Cyclone 
The coastal region of Bangladesh faces high risk of cyclones and storm surges due to its 
complex geomorphologic position and low elevation from the sea level. Recently, the 
country has been facing numerous devastating cyclones and storm surges which are 
widely believed to be due to climate effects [Karim et al. (2005), SMRC (2003)]. The 
cyclones and storm surges have caused so far colossal human death and continuous 
damages to the infrastructure, resources and livelihood. The intensity of cyclones and 
storm surges is expected to be more in the near future. 
Karim and Mimura (2008) analysed nine climate change scenarios with the assumption 
of three sea level rises of 0 m, 0.3 m and 1 m and three sea surface temperature rises: 
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0ºC, 2ºC and 4ºC. The results for corresponding wind speed and the storm surge height 
are shown in Table 3.11. 
Table 3.11. Effects of sea level rise (SLR), water temperature, wind speed and water 
surge height (adapted from the study of Karim and Mimura, 2008) 
 
In the study, Scenario I represents the base condition, while Scenario V is considered an 
average climate condition by 2050.  The study indicated that the storm surge height 
might increase as much as 21% if sea surface temperature (SST) rises by 2ºC (Scenario 
II) and 49% if SST rises by 4ºC (Scenario III). The study predicted that over bank 
flooding would occur as much as 69 km inland for a surge that corresponds to Scenario 
II, while the intrusion reached up to 78 km inland for a surge that corresponds to 
Scenario III. These intrusion lengths are 15% and 30% higher than Scenario I. Flooding 
area will increase by 12.6% for a surge that corresponds to 2ºC temperature rise 
Scenario II) and by 24.5% for a surge that corresponds to 4ºC temperature rise 
(Scenario III) if sea level remains unchanged. The estimated risk areas are 9,548, 10,988 
and 11,628 km2, which correspond to Scenario I, Scenario II and Scenario III, 
respectively. An assessment was made to identify the flood risk for an average climate 
condition by 2050 (i.e. Scenario V). According to the study of Karim and Mimura 
(2008), the flood risk area would be 15.3% greater than the presently anticipated risk 
Scenarios 
Wind Speed 
(km/h) 
Surge height (m) 
Scenario-I. SLR (m) = 0, SST rise(ºC) = 0 225 7.6 
Scenario-II. SLR (m) = 0, SST rise(ºC) = 2 246 9.2 
Scenario-III. SLR (m) = 0, SST rise(ºC) = 4 274 11.3 
Scenario-IV. SLR (m) = 0.3, SST rise(ºC) = 0 225 7.4 
Scenario-V. SLR (m) = 0.3, SST rise(ºC) = 2 246 9.1 
Scenario-VI. SLR (m) =0.3, SST rise(ºC) = 4 274 11.3 
Scenario-VII. SLR (m) = 1, SST rise(ºC) = 0 225 7.1 
Scenario-VIII. SLR (m) = 1, SST rise(ºC) =2 246 8.6 
Scenario-IX. SLR (m) =1, SST rise(ºC) = 4 274 10.6 
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area due to a storm surge at 2°C (Scenario II) SST rise and 0.3 m sea level rise. They 
also found that within 20 km from the coastline the depth of flooding would increase by 
as much as 22.7%. The study identified a high-risk zone (HRZ) of flooding of 1m depth 
or more which accounts for 5,690 km2 land (22% of exposed coast). This high risk zone 
is 1.26 times that of the presently considered coastal high risk zone. The study also 
found that the flooding depths, especially within 20 km from the coastline are 30–40% 
higher with respect to previously estimated depths. Therefore, it is evident that the 
storm surge due to the climate change exposes severe risk to all currently installed and 
future power plants in coastal districts including Satkhira, Khulna, Bagerhat, Barguna, 
Patuakhali, Jhalokati, Pirojpur, Barisal, and Bhola (see Table 3.10).  The country’s 2nd, 
3rd, 5th and 7th (e.g., Chittagong, Khulna and Jessore) largest cities will be affected 
directly and the economic, social, demographical and environmental losses will be 
unimaginable. The coastal regions of Barisal, Bhola, Chandpur, Chittagong, Feni and 
Khulna with projected power generation capacity of 8,777 MW by year 2030, 19,340 
MW by year 2050 and 61,515 MW by year 2100 will be affected by storm surges and 
cyclones. For storm surge, tidal wind and cyclone risk assessment, Case A projection 
has been used for locations of power plants which is described in detail in Section 3.2. 
The reason for the consideration of Case A is that no large coal based power plant is 
planned in these regions. In consideration of tidal wind, the risk regions are Barisal, 
Bhola, Chittagong, Feni and Khulna with projected power generation of 8,514 MW by 
year 2030, 18,762 MW by year 2050 and 59,674 MW by year 2100.  
3.5.3 Flood Risks  
According to IPCC (2008), the flood intensity and time period of flooding will be 
increased due to the climate change. A comprehensive study on flood risk for different 
regions of the country has been carried out by Islam and Sado (2000). Based on their 
study and location of power plants, it is clear that the district of Narayanganj and 
Sirajganj are located in a very high risk of flood zone which currently has power 
generation capacity of 2,071 MW and will have 5,016 MW by year 2016. Among these 
two districts, Narayanganj currently has large capability of power generation of 1,759 
MW and 4,204 MW by year 2016. For flood risk assessment, Case A projection has 
been used for locations of power plants. The reason for the consideration of Case A is 
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that no large coal based power plant is planned in these regions. Table 3.12 represents 
the projected power generation that will be affected by floods.  The table shows that the 
power generation capacity of 7,402 MW by year 2030, 16,313 MW by year 2050 and 
51,885 MW by year 2100 will be directly in very high risk of flood affected zones. The 
study also identified ten districts that will face the high risk of flood. These ten districts 
are Brahmanbaria, Dhaka, Gopalganj, Habiganj, Munshiganj, Natore, Narsingdi, Pabna 
and Sylhet. The power generations in these ten districts will also come under the flood 
threat affecting the present power generation capacity of 2,265 MW and 6,108 MW by 
year of 2016. Table 3.12 also indicates that a total 9,016 MW by year 2030, 19,865 MW 
by year 2050 and 63,180 MW by year 2100 will be in a high flood risk zone.  
 
Table 3.12. Power generation in high flood risk regions (in MW) 
 
High Risk 2030 2050 2100 
Very High 
Risk 
2030 2050 2100 
Brahmanbaria 2,409 5,307 16,881 
Narayanganj 6,204 13,672 43,486 
Dhaka 1,837 4,048 12,876 
Gopalganj 148 325 1,034 
Habiganj 1,415 3,119 9,920 
Munshiganj 443 976 3,103 
Natore 74 163 517 
Sirajganj 1,198 2,641 8,399 
Narsingdi 1,801 3,969 12,623 
Pabna 251 553 1,758 
Sylhet 576 1,268 4,034 
Tangail 62 137 434 
Total  9,016 19,865 63,180 Total 7,402 16,313 51,885 
3.5.4 Physical Risk due to Erosion 
Due to the geomorphologic attributes and the direct impact of climate change, the 
Bangladesh’s intensive river network will be very responsive. Due to the temperature 
rise, the Himalayan ice layer will be melting at a faster rate causing excessive water 
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discharge through Bangladesh river network into the Bay of Bengal. As most lands are 
created by alluvial sediments carried by the rivers from the upstream, the soil bondage 
is one of the weakest. As a result, the excessive water discharge will cause severe river 
bank erosion and change the course of rivers erratically. Climate Change Cell - CCC 
(2009) estimated the impact of climate change on monsoon flooding by the river 
Brahmaputra and Ganges, which reported that the peak flood level in the river is 
generally increased by 37cm in comparison to a moderate flood. In the river Ganges, the 
flood level has been found more than half a meter. They also reported that the duration 
of flood at its danger level increases from 10 days to 16 days. The study also found that 
the flood level duration increases from 3 days to 8 days due to the impact of climate 
change in the river Brahmaputra alone. The severity of river erosion in Bangladesh is 
unthinkable. For example, Bhola - the country’s only island district had about 6,400 
square km land area in 1960s whereas today it has been reduced to only 3,400 km². 
Almost half of the island district of Bhola has been lost due to the erosion caused by 
floodwater discharge by Ganges and Brahmaputra river network. Additionally, some 
low lying landmass is also disappearing due to sea level rise. If this process continues, 
the entire district of Bhola will be under water within next 40 years. All currently built 
and future power plants in Bhola district are facing the threat of flood erosion and 
inundation. 
The tidal water from the Bay of Bengal has filled about 30,868 cubic meters of the 
costal estuaries and channels. This water again carries down the upstream flow of 
almost 38,896 km2 of coastal and mid areas of Bangladesh. The downward tide imposes 
immense pressure and intense wave which cause erosion to the coastal areas. A study by 
Farquharson et al. (2007) reported that the mean annual flows of the Ganges and 
Brahmaputra would be increased significantly by 2050s. Furthermore, the collision 
between downwards current of fresh water and uprising sea level will create strong 
twirling causing erosion to the coastal belts. Along with flood discharge, the siltation 
will create multiple islands in the river bed along with their erratic courses resulting in 
more unpredictable river bank erosion than those seen in the past. This river erosion will 
not only affect the power plant installations in the vicinity of the river but also displace 
millions of people and destroy existing infrastructure causing immense economic losses 
and human miseries. The high risk of river erosion will threaten the installed and 
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planned power plants on river banks. The cooling system of all of the power plants in 
Bangladesh is mainly river based. All of the power plants except the power plants in 
Chittagong region face a great threat from the river erosion. Historically, Chittagong 
region is less subject to river erosion due to its geographical location and soil structure. 
This corresponds to a 24,347 MW by 2030, 53,652 MW by 2050 and 170,650 MW by 
2100 will be under the threat of river erosion.   
3.6 Concluding Remarks for this Chapter 
The increased water temperature, salinity, flooding, river erosion, prolonged drought, 
etc will have profound effect on power generation capacity in Bangladesh. Based on 
open literature and authors’ knowledge, not a single power plant in Bangladesh has 
taken into account any possible effect of climate change (e.g., rise of water temperature, 
salinity, flooding, river erosion, prolonged drought) in the process of design, site 
selection, installation, and maintenance. This poses a great risk as the power production 
capacity and efficiency will greatly be affected. In this chapter, the study attempted to 
identify some parametric effects by taking into account the rise of sea level, water 
temperature, salinity, flooding, draught that are required to consider not only for 
existing power plants but also for the future power plants across Bangladesh.  Different 
regions of Bangladesh will be experienced effects of climate differently. The sea level 
rise will cause power plants in coastal region to experience increased salinity. 
Therefore, the design of cooling system of power plants must be designed to minimize 
the effect of salinity increase. In draught situation, the adequate fresh water supply for 
cooling must be ensured by recycling water and/or installing desalination plant. 
Furthermore, the corrosion allowance of the concrete structure of the power plants and 
the cooling system should also be carefully considered located in the coastal region.   
Being one the least developed nations of the world and most vulnerable to climate 
change, the impact of the climate change must be considered seriously in any current 
and future development activities especially power generation capacity and 
infrastructure. 
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Chapter 4 
Case Study-II: Australia 
Australia is one of the developed countries in the world where energy plays a vital role 
for its economic progress and prosperity. For this reason Australia has been chosen as 
second case study to examine and identify the impact of climate change. In the 
following subsections the present and future power generation has been analysed and 
the impact of climate change on the power generation has been modelled and identified.  
4.1 Present Status of Energy in Australia 
The energy production in Australia is the ninth largest in the world and it accounts for 
2.5% of the world's total energy production (IEA, 2011). Moreover, the energy 
production in Australia has been increasing at an annual rate of 3.2%. Main energy 
resources of Australia are coal, uranium and gas. Coal plays the major role in energy 
production in Australia. It accounts for 57% of total energy production in the yearly 
term 2009-10. Uranium accounts for 20%, gas accounts for 12%, and crude oil and LPG 
accounts for 6% of total energy production. 
However, renewable energy is only 2% of the total energy production. In 2009-2010, 
bagasse, wood and wood waste and hydroelectricity accounted for 83% of total 
renewable energy generation in Australia. Remaining are wind energy, solar energy and 
biofuels. To reduce the high rate of greenhouse gas emission in Australia (one of the 
highest per capita greenhouse gas emission in the world), Renewable Energy Target 
(RET) was introduced in future energy policy in 2010. RET is set for 45,000 giga-watt 
hours of electricity from renewable energy sources by year 2020. It corresponds to a 
substantial increase from previous Mandatory Renewable Energy Target (MRET) 
policy of Australian Government of 9,500 giga-watt hours by year 2020. The principle 
objective of RET is to establish a lower carbon emission economy in Australia and 
hence installation and establishment of renewable energy resources over the medium 
terms (Combet, 2009). 
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Power generation sector is one of the largest industries in Australia, consisting of 
generators, transmission and distribution networks and retailers. It contributes 1.4% to 
Australian industry value added in 2009-10.  The energy sector in Australia is structured 
based on geographical distance among its states. National Energy Market (NEM) covers 
electricity market of Australian Capital Territory, New South Wales, Queensland, South 
Australia and Victoria. However, Tasmania, Western Australia and the Northern 
Territory are not connected with NEM due to their geographical distance from the 
Eastern region. Australian Energy Market Operator (AEMO) manage a gross pool for 
the energy market under which NEM operates as a wholesale spot market integrating 
trade with generators and retailers. Main target of AEMO is to ensure the demand with 
lowest cost. However, retailers also have the scope to contract with generators to avoid 
the risk of price change in the spot market. The operation of NEM is governed by the 
National Electricity Rules (NER). The regulation of NER is continuously reviewed, 
amended and updated by the Australian Energy Market Commission (AEMC). The 
Australian Energy Regulator (AER) ensures the enforcement of these rules. 
Furthermore, AER also monitors the bidding behaviour of electricity generators in 
NEM. It also looks on the compliance with the National Gas Rules. The working 
structure of these three organisations (AEMO, AEMC, and AER) made a national 
structure of Australian energy market. 
Western Australia’s energy market is structured with several interconnected, non-
interconnected and regional system. The interconnected systems are South West 
Interconnected System (SWIS) and the North West Interconnected System (NWIS). 
Among the network in Western Australia, SWIS is the largest network system. It 
comprises with service in Perth and major population centres in south-east region. 
Western Australia follows its own state based regulation of its electricity sector. 
Economic Regulation Authority (ERA), operating in Western Australia, governs the 
regulation of electricity transmission and distribution. The energy market in Northern 
Territory is governed by the Utilities Commission of the Northern Territory. 
In the yearly term 2009, a total of 242 terawatt hours has been generated in Australia. In 
terms of fossil fuel, coal, gas, and oil are the major supplier. At present the vital source 
of electricity generation is coal based power plant which accounts for 75% of the total 
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electricity generation in 2009-10. Main reason for this major coal based power plant is 
due to its low cost of power generation and availability in Australia. In eastern region of 
Australia there is a huge reserve of coal. Furthermore, eastern region is the major area 
of consumption of electricity. Coal was historically favoured as a major source for 
electricity generation in Australia due to: a) its vast availability, b) close proximity of 
coal reserve to power plants, and c) cheapest among fossil fuel. Apart from coal, gas is 
the second largest energy source in Australia for electricity generation. It accounts for 
15% of electricity generation in 2009-10. However, due to its less greenhouse gas 
emission and recent discovery of large gas reserve, Australian government has focused 
more on establishment of gas based power plant rather than coal based power plants. 
Among renewable energy sources, hydroelectric power plants, wind power and bio 
energy has been mostly used in Australia. All of this accounts for 8% of the total 
electricity generation in 2009-10 (BREE, 2011). 
In Table 4.1 a state wide Australian power generation capacity is shown (DSEWPC, 
2012). It is evident that coal based power plants are operating all over Australia except 
Northern Territory and Tasmania. In the state of New South Wales (NSW), Black Coal 
is the major source of power generation which accounts for 11,862 MW. The states of 
Victoria and Queensland also use coal as main source of power generation. In Victoria 
major power plants are utilising brown coal. In Queensland about 70% of the power 
generation is by black coal. In other states gas is the main source of power generation. 
In South Australia, Western Australia, Northern Territory and Tasmania, gas is the main 
source of fuel for power plants. From Table 4.1, it is evident that total power generation 
capacity from fossil fuel sources is 51,265 MW in Australia as on September, 2012. 
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Table 4.1. Power generation capacity (MW) in Australia from fossil fuel sources 
(DSEWPC, 2012) 
 
Fuel Type NSW  VIC QLD  SA WA NT TAS AUSTRALIA 
Black Coal 1,182   8,988 878 2,890     24,618 
Brown Coal 6,881 6,881 
Gas 2,177 3,056 3,993 2,867 5,709 840 611 19,252 
Oil 179   153 50 44 28 60 514 
Total 14,218 9,937 13,134 3,795 8,643 868 671 51,265 
 
4.2 Energy Use Projection for Australia up to Year 2100 
BREE (2011) has made projection of energy use from base year 2008-09 to year 2034-
35 based on economic growth, carbon price, and long term energy price. They included 
recent announcement of Australian Government on changes to Australian steel making 
and petroleum refining capacity. Furthermore, an analysis of the effect of different gas 
prices on the electricity generation mix has also been done. Most important feature of 
this projection is the Renewable Energy Target and introduction of carbon pricing in 
2012. However, over the past few years, energy market in Australia has experienced 
frequent changes. These changes and the dynamic behaviour of energy markets have 
made extreme complexity in generating long term energy projections. Recently, 
technology deployment and change in infrastructure management have become a critical 
issue. Due to this reason BREE (2011) has identified key indications of future energy in 
Australia.  
In BREE (2011) projection, the total primary energy consumption is projected to grow 
by around 29%. It accounts for 1% growth in a year over the projection period from the 
year 2008-09 to 2034-35. Several policy reforms and planning has been analysed in 
BREE (2011) report, which created following key projections: 
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a) Coal share in total primary energy consumption is projected to be following a 
declining trend. Oil and gas is projected to emerge as a dominant energy source. 
b) Among all fossil fuel, gas is supposed to be increasing at the fastest rate, with an 
average 3% a year up to year 2034-35.  
c) Due to government interest on renewable energy sources, it projected to increase 
from 5% of total primary energy consumption in 2008-09 to 9% of total primary 
energy consumption in 2034-35. Among the renewable energy sources, 
utilisation of wind energy will find a significant growth.  
d) Among the states, Western Australia, the Northern Territory and Queensland are 
anticipated to have highest growth in consumption of primary energy. The base 
of this assumption is that these states are expected to achieve higher economic 
growth in comparison to other states, on account of their major contribution in 
mining sector and export.  
e) In 2034-35, electricity generation industry and transport sectors will emerge as 
main users of primary energy, accounting for 63% of projected primary energy 
consumption.  
A review of different electricity technologies (such as gas turbine, steam turbine, gas 
turbine with combined cycle, cogeneration and son on) by year 2015 and 2030 has been 
reported by the Electric Power Research Institute-EPRI (2009). In EPRI cost estimates, 
several crucial factors have not been considered. For example detailed plant designs, 
equipment and material have not been included. Furthermore, most important factor 
such as carbon price has not been included in this cost estimate. The EPRI report 
forecasts that for medium term energy future, coal and gas without carbon capture and 
storage technology will be the cheapest among other technology options. Wind energy 
will emerge as a lowest and most feasible cost option, among renewable energy 
technologies. The study of EPRI also shows that solar technology cost will decline in 
future but will still remain high in comparison to other energy source.  
In BREE (2011) projection, electricity generation is forecasted to grow at a rate of 1.4% 
a year from 2008 to 2035. It corresponds to 348 terawatt hours in 2008 to 348 terawatt 
hours in 2035. Main source of this growth in electricity generation will come from gas-
fired electricity generation and renewable sources. In this report, a shift of coal-fired 
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power station to gas-fired power station is expected to occur between 2009 and 2035. 
There will be a significant decline in coal-fired from 74% to 38%. On the other hand, 
gas-fired generation will be increasing from 16% to 36%. 
Table 4.2 represents a summary of BREE (2011) projection for fossil fuel based 
electricity power generation. The table shows that black coal based power generation 
will reduce from 129 TWh in 2008 to 114 TWh in 2035. This corresponds to a 
reduction at a rate of 1.2% annually. The major reduction projected at brown coal based 
power plant, dropping at a much higher rate of 3.7% annually, which corresponds to 
power generation of 53 TWh on 2008 to 20 TWh on 2035. On the other hand, gas has 
been identified as major source of increasing power generation. It will follow a 4.5% 
annual energy growth trend from the year 2008 to 2035. It will increase from the level 
of power generation of 40 TWh on the year 2008 to 126 TWh by year 2035. This 
projection shows a three folds increase.  
Table 4.2. BREE (2011) projection of fossil fuelled based power generation up to year 
2035 
Fuel Source TWh Average annual growth 
2008 to 2035 in % 2008 2035 
Black Coal 129 114 -1.2 
Brown Coal 53 20 -3.7 
Gas 40 126 4.5 
Oil 5 5 0 
 
To identify the impact of climate change on power plants in Australia by year 2100, it is 
needed to project the power generation in Australia up to year 2100. However, it is 
always difficult to project power generation for such a long time period due to the 
dynamic behaviour of energy markets. It is a common practice to project energy 
generation up to mainly 30 to 40 years. For the projection of power generation that may 
be affected by the climate change impacts, the study made some assumptions. First 
assumption is the use of fossil fuel based energy projection of BREE (2011) as shown in 
Table 4.2. Initially the same growth rate was used for each of the energy source up to 
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year 2100. However, the study found that a significant anomaly, if it follows this trend 
up to year 2100. The primary reason for this anomaly was high growth rate in gas based 
power plants. According to BREE (2011), a growth rate of 4.5% each year is projected. 
If the study follows the same trend up to year 2100, it generates an abnormal growth of 
total power generation which is not justified by historical data and present scenarios. 
Therefore, a mix approach with population growth was made, including BREE 
projection, carbon pricing and growth in gas sector. With present and historic behaviour 
of the energy market in Australia, it is evident that Australian energy sector is going 
through a transition state; from high greenhouse gas emission based power plants to 
more green and sustainable power plant. It is assumed that this transition period will be 
settled by year 2030. The transition will mainly occur to gas based power plants. This is 
why the study followed the growth trend of 4.5% increase annually for gas based power 
plants up to year 2030. After that the rate of population growth is used as the rate of 
increase of gas based power plants from the year 2030 to 2050. On the other hand, for 
coal based power plants, it is evident from Australian government policy that Australia 
will not use high carbon emission technologies in the future. With international co-
operations on environmental issues, public awareness on climate change and global 
climate effect, it is more justifiable to account the trend of reduction of coal based 
power generation up to year 2100. The same rate of reduction of coal based power 
plants was used up to year 2100. For oil based power plants, there is no growth trend in 
BREE (2011). The study has adapted the same trend. The reason for considering gas 
based power generation in proportion to the increase of population after 2030 can be 
justified by few key points. First, industrialisation in Australia is showing a decreasing 
trend in this decade. The reason of shifting of industries into comparatively cheap 
labour markets such as in China, Indonesia, Malaysia, India and other developing 
countries. Furthermore, Australian market is small compared to Asian markets. In any 
energy market, industrial energy demand is the central part of total energy demand. It is 
expected that there will be less demand of industrial sector in Australia. The main 
demand of energy would be from residential households. The projection of the study 
followed the 4.5% generation growth in gas based power plants up to year 2030, 
assuming of settling down of energy market by this time. For upward power generation 
from 2030 to 2100, the demand of electricity will be in proportion to the increase of 
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population. Hence, for fossil fuelled power plants, this demand will be satisfied by the 
increase of power generation from gas based power plants with this growth rate. To 
identify the exact location of projected power generation, another assumption is made. It 
is assumed that the new installation of power plant will occur on or near the existing 
power plants. Underpin of this assumption is that the installation and establishment of 
new power plants are always economically profitable and feasible near the existing 
infrastructure and available power transmission infrastructure. The study used this 
assumption of establishing new power generation capacity on the existing power plants. 
For existing power plants, the number of power plants as mentioned in DSEWPC 
(2012) was accounted. However, proposed power plants have not been accounted in the 
study. The reason for this is the lack of data availability for exact year of operation of 
these proposed power plants. With these assumptions, the study formulated the power 
generation projection by year 2030, 2050, 2070, and 2100. A summary of power 
projection is given in Table 4.3. 
Table 4.3. Projected power generation in Australia by year 2100 
Fuel Source Power Generation 
on 2012 (MW) 
Power Generation Projection on Different 
Year (MW) 
2030 2050 2070 2100 
Black Coal 24,618 22,494 20,348 18,407 15,837 
Brown Coal 6,881 3,491 1,642 773 249 
Gas 19,252 42,384 47,899 51,374 54,802 
Oil 514 514 514 514 514 
Total 51,265 68,883 70,404 71,068 71,403 
 
4.3 Climate Change and Australia 
In the following sub-sections, the impact of climate change on climate and different 
regions of Australia has been discussed. Additionally, the impact of climate change on 
Australian energy sector and infrastructure is also discussed. 
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4.3.1 Impact of Climate Change in Australia 
Natural variability and human activities both are responsible for the climate change. But 
the proportion of their responsibility is still unknown. The El Nino-Southern Oscillation 
(ENSO) is the strongest regional driver of climate changeability. In Australia, El Nino 
brings warmer and drier climate to Eastern and South-western regions and the opposite 
change occurs during ocean-atmospheric phenomenon La Nina (Power et al., 1998). 
The average maximum temperature increased 0.6°C and the minimum temperature also 
increased by 1.2°C during the period from 1910 to 2004 (Nicholls and Collins, 2006). 
The correlation in between the increase in greenhouse gases and warming has been 
observed since the year 1950 (Karoly and Braganza, 2005). During 1957 to 2004, the 
average data of the Australia’s temperature shows that there is an increase in hot days 
(≥35°C) of 0.10 days/year, an increase in hot nights (≥20°C) of 0.18 nights/year, a 
decrease in cold days (≤15°C) of 0.14 days/year and a decrease in cold nights (≤5°C) of 
0.15 nights/year (Nicholls and Collins, 2006). Due to the change of climate in 1950s, 
Australia experienced an increase in summer monsoon rainfall in its two-thirds of 
North-western region (Smith, 2004).  Besides, Southern and Eastern Australia has 
become drier (Smith, 2004). Since 1973, for a given rainfall deficiency, because of 
higher temperatures, drought has become prominent (Nicholls, 2004). From 1950 to 
2005, in North-western and Central Australia, the amount of daily excessive rainfall 
was increased. In the South-east, South-west and Central east coast, the amount of daily 
excessive rainfall has been decreased (Gallant et al., 2007).  However, frequency and 
severity of extreme weather events have intensified (Alexander et al., 2007). At the start 
of October, snow depths of South-east Australia have dropped by 40% in the past 40 
years (Nicholls, 2005). From 1920 to 2000, average relative sea-level increased around 
Australia is 1.2 mm/year (Church et al., 2004). 
Along the coastal zones, over 80% of the Australian population lives (Harvey and 
Caton, 2003). Over 711,000 people are living within 3 km of the coast and less than 6 
metres above sea level. This includes 60% people of Queensland and NSW (Chen and 
McAneney, 2006). The people living in this area are facing risk of sea level rise and 
large storm surges. It is obvious that the rise of sea levels, coupled with change in 
weather pattern will create difference in regional exposure (Walsh, 2002; MfE, 2004; 
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Voice et al., 2006). Future effects on coastal erosion will occur with the climate change 
in the coastal sediment supply and storminess. Sea-level rise is responsible for greater 
coastal flood, erosion, loss of swampland and salt-water interruption into freshwater 
sources (MfE, 2004). It has impacts on infrastructure, coastal resources and existing 
coastal management programs. Hennecke et al. (2004) predicted that at 
Collaroy/Narrabeen beach (NSW), there will be a sea-level rise of 0.2 m by 2050. An 
increased cost for the protection of existing management system of coastal area will also 
be increased (Bell et al., 2001). Coasts are also seems to be affected by changes in 
pollution. Kennish (2002) suggested a possibility of pollution and sediment loads in 
coastal areas due to the changes in the intensity and seasonality of river flows.  
4.3.2 Impact of Climate Change on Energy and Infrastructure in Australia 
It is expected that the energy utilisation will grow due to demographic and socio-
economic issues. On the other hand, the average and peak energy demands are also 
associated to climatic circumstances. Additional air-conditioners uses will increase the 
peak energy demand. The possibility of line outages and blackouts will also be 
increasing with time (PB Associates, 2007). At the time average temperature increase 
2°C, peak demand will increase 4% in Brisbane and 10% in Adelaide, but reduce 1% in 
Melbourne and Sydney (Howden and Crimp, 2001). Climate change will affect energy 
infrastructure in Australia. These changes will cause a great impact on power stations, 
electricity transmission and distribution networks, oil and gas product storage and 
transport facilities, and off-shore oil and gas production. An evaluation of probable risks 
for Australia (PB Associates, 2007) found that: 
 
a) Increased peak and typical temperatures are decreasing electricity production 
efficiency, capacity of transmission line, capacity of transformer and the life of 
switchgear and other components.  
b) As climate changes happen in a gradual pace, both the production utilities and 
the equipment manufacturers will need enough time to adjust their standards and 
specifications. 
c) If the risk is low, but there is medium risk in water supply for large-scale coal, 
hydro and gas turbine power generation. 
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It is obvious that the settlement of industry, infrastructure and socio economic life of 
human is vulnerable due to climate change. These changes need to be incorporated into 
the design and planning of infrastructure and industries. The development option for 
renovating major infrastructure is 10 to 30 years. But the major improvements or 
replacements have an expected lifetime of 50 to 100 years (PIA, 2004). In Australia, the 
average life of a house is 80 years whereas some house remain functional for 150 years 
or more (O'Connell and Hargreaves, 2004). In resident structures (such as sealants, 
protective cladding, steel, concrete joints, asphalt), transport structures (such as bridges, 
airports, roads, tunnels, railways, ports), energy services, telecommunications (such as 
manholes, towers, cables), and water services, the amount of damage is increasing (PIA, 
2004; Holper et al., 2007). Water infrastructure is at significant risk in Victoria by 2030. 
At the same time power, telecommunications, transport and buildings are all at major 
risk for the A1FI emission scenario by 2030 (Holper et al., 2007). The A1F1 emission 
scenario describes a world of rapid socio economic growth as in IPCC (2007). Climate 
change is causing decrease of value of property and investment. There is little 
information about climate change impacts on mining industry which is vital part of 
Australian economy (5% of GDP and 35% of export earnings) (ABS, 2005). The 
impacts of climate change have not been sufficiently considered and studied in long-
term mine planning (Wasson et al., 1988; Parliament of Australia, 2003). 
4.4 Australian Climate Change Scenario and Model Analysis 
To identify the impact of climate change, appropriate scenario and model need to be 
selected in the research study. In the following subsections, the scenario and model of 
this study has been described.  
4.4.1 Scenario Analysis 
To evaluate the impact of climate change, the primary focus was on the increase of 
temperature from the base year 1990. For climate change prediction, the primary focus 
was on year 2030, 2050, 2070 and 2100. For the increase of temperature, annual 
temperature change has been accounted. In this study, an assumption of a high rate of 
global warming was undertaken, based on the IPCC's A1F1 storyline and scenario 
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family. It describes a future world based on globalisation. Due to the rapid development 
and establishment of efficient technologies, rapid economic growth and low population 
growth has been envisaged. However, clean energy has not yet emerged as main source 
of energy supply. Fossil fuels play the vital role in energy market. Maximum use of 
fossil fuels has been predicted with dominating energy supply from coal, oil and gas. 
Furthermore, the A1FI storyline as described in IPCC (2007) shows development in 
economic and cultural convergence. However, a united world of social, political and 
regional aspects is still underway. World has not achieved a united approach in major 
changes and key environmental issues. Regional differences and local interest is trying 
to emerge for a united approach. Additionally, the scenario assumes a greater interest in 
personal wealth and comfort among the people instead of environmental quality and 
sustainability. However, the difference in per capita income in different region has been 
decreasing significantly. In this scenario, it is assumed a high rate of global warming, 
which corresponds to a global warming of 4.2 degrees of twice CO2 emission from 280 
to 560 ppm (parts per meter).  
4.4.2 Model Analysis 
Several models have created regional climate change prediction of Australia as a whole.  
 The model designed by Meteorological Institute of the University of Bonn 
(Germany), Institute of KMA (Korea), and Model and Data Group MUIB/KMA: 
ECHO-G corresponds to a weaker warming, which corresponds to the B1 
storyline scenarios as according to IPCC (2007).  
 The European Centre Hamburg Model ECHAM5/MPI-OM designed by Max 
Planck Institute (MPI) corresponds to a moderate rate of climate change of 
Australia based on A1B scenarios as according to IPCC (2007).  
 Geophysical Fluid Dynamics Laboratory model GFDL CM2.1 corresponds to a 
strong warming based on the A1FI scenarios.  
Here, in the analysis of climate change impact on power plant in Australia, GFDL 
CM2.1 has been used. The reason for considering GFDL CM2.1 model and A1FI 
storyline scenarios is that present world scenario and trend mostly similar to this 
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considerations. Australia has a strong tie with international relationship and world 
agenda. Its economy is dependent on international trade and investment. The major 
portion of Australian economy is dependent on natural resource and agricultural product 
export to different countries of the world. So the world’s economy, social aspects, 
political prosperity have a significant drive on Australian socio-economy progress. 
Based on all of these key concerns, the consideration of high global warming scenarios 
and GFDL CM2.1 model is justified. GFDL CM2.1 (Geophysical Fluid Dynamics 
Laboratory Coupled Model, Version 2.1) is a series version of GFDL CM2.X which is a 
coupled atmosphere-ocean general circulation model (AOGCM), which was developed 
by NOAA Geophysical Fluid Dynamics Laboratory in the United States. GFDL model 
has been used widely in the Fourth Assessment Report of IPCC. The primary capability 
of GFDL CM2.1 is its high resolution. GFDL CM2.1 has atmospheric component of 24 
level which runs at a resolution of 2 degrees in the east-west and 2.5 degrees in the 
north-south direction. The large mid-latitude cyclones responsible for weather 
variability can be resolved by this resolution. In ocean component of the model, there 
are 50 levels. It runs at a resolution of 1 degree in the east-west direction, which varies 
in the north-south direction from 1 degree in the Polar Regions to 1/3 of degree along 
the equator (GFDL, 2012). Among the IPCC model, GFDL CM2.1 generates best 
simulations of 'EL Nino’ (Oldenburgh et al., 2005). NOAA Geophysical Fluid 
Dynamics Laboratory has given an intensive effort to create prototype of high 
resolution coupled models for the purpose of research, prediction and planning. In the 
coupled model GFDL has made grid cells smaller in comparison to their standard 
climate models. This approach has created more focused climate change in terms of 
regional climate change prediction. It helps to make more regional based planning to 
combat with climate change impact. The study have analysed the climate change impact 
in Australia through Commonwealth Scientific and Industrial Research Organisation 
(CSIRO) CSIRO climate change scenario prediction OzClim (2012). In Figures 4.1 to 
4.2 shows the impact of temperature increase on power plants across all over Australian 
states and territories by 2030, 2050, 2070 and 2100. These figures represent the climate 
change model GFDL CM 2.1 output with the location of power plants in each states and 
territories. The power plants of each states and territories have been identified with a 
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unique number and plotted in the model outcome. For an example N1 to N22 identifies 
the power plants in the state New South Wales. 
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Figure 4.1. Impact of climate change on power generation in Australia by 2030. 
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Figure 4.2. Impact of climate change on power generation in Australia by 2050 
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Figure 4.3. Impact of climate change on power generation in Australia by 2070 
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Figure 4.4. Impact of climate change on power generation in Australia by 2100
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4.5 Impact of Climate Change on Power Generation in Different 
States and Territories  
In the following sub-sections the study analysed and identified the impact of climate 
change on power plants in different states and territories of Australia by 2030, 2050, 
2070 and 2100. 
 
4.5.1 Impact on Power Generation in New South Wales 
As described earlier, the study projected the power generation capacity based on the 
existing power generation in all states and territories across Australia up to year 2100. 
For each power plant location a number has been assigned. For power plants in New 
South Wales, numbers N1 to N22 have been assigned. The location of power plants has 
been plotted in the output map of Australia for different years using NOAA GFDL 
CM2.1 model. Tables 4.4 to 4.7 show the impact of global warming on power plant 
locations, successively on the year 2030, 2050, 2070 and 2100. 
Table 4.4 quantified the risk of power generation capacity due to increase of 
temperature by year 2030. In 2030, the projected power generation would be 15,810 
MW in New South Wales. In 2030, all the power plant in New South Wales will 
experience a temperature rise of 1°C to 2°C. The risk of power generation capacity due 
to the increased temperature by year 2050 has been given in Table 4.5. The projected 
power generation capacity will be around 15,400 MW by 2050. However, these power 
generation capacities will face a temperature increase of 2°C to 3°C. Onward from 
2050, the power generation capacity will face severe temperature increase. Table 4.6 
shows the power generation projection up to year 2070 and the risk of temperature 
increase due to the climate change. The table shows that a total 14,858 MW power 
generation capacity would be installed in this state. The reason for the decrease of 
power generation from 2050 to 2070 is due to the decreasing trend of power generation 
from coal based power plants. In Table 4.6, it is evident that the impact of climate 
change will be greater. A total of 5,349 MW power generation will be affected by the 
temperature increase of 4°C to 5°C. This includes power generation capacity at Mount 
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Piper (N1), Wallerawang C (N2), Hunter Valley (N15), Bayswater (N16), Liddell (N17) 
and Broken Hill (N22). All other power plants with a generation capacity of 9,509 MW 
will face a temperature rise of 3°C to 4°C. Table 4.7 shows the risk of power generation 
in terms of temperature by 2100. The table shows that the power generation will face a 
severe threat due to the increased temperature. A total of 14,007 MW power generation 
capacities have been projected in New South Wales. Among these power generations 
capacity about 3,767 MW power generations will face an intense impact of temperature 
increase due to climate change. The affected power plants are located in Wallerawang 
C, Hunter Valley, Bayswater, Liddell and Broken Hill. All other power plants (10,240 
MW) will be under a threat of 5°C to 6°C temperature increase. It implies that in 2100, 
all power plants will face a threat of temperature increase of more than 5°C. This will 
create a severe problem for the cooling systems and hence the power generation 
capacity.  
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Table 4.4. Climate change risk due to temperature increase on power generation in New South Wales by year 2030
 
Temperature Increase by the Year 2030
STATE 
SL#
NAME FUEL TYPE TECHNOLOGY TOTAL CAPACITY 
(MW)
>7 (°C) 6 TO 7 (°C) 5 TO 6 (°C) 4 TO 5 (°C) 3 TO 4 (°C) 2 TO 3 (°C) 1 TO 2 (°C) 0 TO 1 (°C)
N1 Mount Piper Black Coal Steam Turbine 1206
N2 Wallerawang C Black Coal Steam Turbine 914
N3 Port Kembla Other Cogeneration 134
N4 Tallawarra Gas Gas Turbine 
Combined Cycle
958
N5 Tower Colliery Gas Reciprocating 
Engine
88
N6 Appin Colliery Gas Reciprocating 
Engine
119
N7 Smithfield Gas Gas Turbine 
Combined 
Cycle/Gas Turbine
368
N8 Munmorah Black Coal Steam Turbine 548
N9 Colongra Gas Gas Turbine 1453
N10 Vales Point Gas Steam Turbine 55
N11 Vales Point B Black Coal Steam Turbine 1206
N12 Eraring Black Coal Steam Turbine 2412
N13 Northern Distillate Gas Turbine 50
N14 Kurri Kurri Distillate Reciprocating 
Engine
29
N15 Hunter Valley Distillate Gas Turbine 50
N16 Bayswater Black Coal Steam Turbine 2412
N17 Liddell Black Coal Steam Turbine 1882
N18 Redbank Black Coal Fluidised Bed 
Combustion
137
N19 Redbank 2 Black Coal Fluidised Bed 
Combustion
121
N20 Koolkhan A&B Gas Gas Turbine 209
N21 Uranquinty Gas Gas Turbine 1409
N22 Broken Hill Distillate Gas Turbine 50
TOTAL (MW) 15810 15810
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Table 4.5. Climate change risk due to temperature increase on power generation in New South Wales by year 2050 
 
Temperature Increase by the Year 2050
STATE 
SL#
NAME FUEL TYPE TECHNOLOGY TOTAL CAPACITY 
(MW)
>7 (°C) 6 TO 7 (°C) 5 TO 6 (°C) 4 TO 5 (°C) 3 TO 4 (°C) 2 TO 3 (°C) 1 TO 2 (°C) 0 TO 1 (°C)
N1 Mount Piper Black Coal Steam Turbine 1091
N2 Wallerawang C Black Coal Steam Turbine 827
N3 Port Kembla Other Cogeneration 152
N4 Tallawarra Gas Gas Turbine 
Combined Cycle
1082
N5 Tower Colliery Gas Reciprocating 
Engine
100
N6 Appin Colliery Gas Reciprocating 
Engine
134
N7 Smithfield Gas Gas Turbine 
Combined 
Cycle/Gas Turbine
415
N8 Munmorah Black Coal Steam Turbine 496
N9 Colongra Gas Gas Turbine 1642
N10 Vales Point Gas Steam Turbine 62
N11 Vales Point B Black Coal Steam Turbine 1091
N12 Eraring Black Coal Steam Turbine 2182
N13 Northern Distillate Gas Turbine 50
N14 Kurri Kurri Distillate Reciprocating 
Engine
29
N15 Hunter Valley Distillate Gas Turbine 50
N16 Bayswater Black Coal Steam Turbine 2182
N17 Liddell Black Coal Steam Turbine 1703
N18 Redbank Black Coal Fluidised Bed 
Combustion
124
N19 Redbank 2 Black Coal Fluidised Bed 
Combustion
109
N20 Koolkhan A&B Gas Gas Turbine 236
N21 Uranquinty Gas Gas Turbine 1592
N22 Broken Hill Distillate Gas Turbine 50
TOTAL (MW) 15400 15400
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Table 4.6. Climate change risk due to temperature increase on power generation in New South Wales by year 2070 
 
Temperature Increase by the Year 2070
STATE 
SL#
NAME FUEL TYPE TECHNOLOGY TOTAL CAPACITY 
(MW)
>7 (°C) 6 TO 7 (°C) 5 TO 6 (°C) 4 TO 5 (°C) 3 TO 4 (°C) 2 TO 3 (°C) 1 TO 2 (°C) 0 TO 1 (°C)
N1 Mount Piper Black Coal Steam Turbine 987
N2 Wallerawang C Black Coal Steam Turbine 748
N3 Port Kembla Other Cogeneration 163
N4 Tallawarra Gas Gas Turbine 
Combined Cycle
1161
N5 Tower Colliery Gas Reciprocating 
Engine
107
N6 Appin Colliery Gas Reciprocating 
Engine
144
N7 Smithfield Gas Gas Turbine 
Combined 
Cycle/Gas Turbine
446
N8 Munmorah Black Coal Steam Turbine 449
N9 Colongra Gas Gas Turbine 1761
N10 Vales Point Gas Steam Turbine 67
N11 Vales Point B Black Coal Steam Turbine 987
N12 Eraring Black Coal Steam Turbine 1974
N13 Northern Distillate Gas Turbine 50
N14 Kurri Kurri Distillate Reciprocating 
Engine
29
N15 Hunter Valley Distillate Gas Turbine 50
N16 Bayswater Black Coal Steam Turbine 1974
N17 Liddell Black Coal Steam Turbine 1540
N18 Redbank Black Coal Fluidised Bed 
Combustion
112
N19 Redbank 2 Black Coal Fluidised Bed 
Combustion
99
N20 Koolkhan A&B Gas Gas Turbine 254
N21 Uranquinty Gas Gas Turbine 1708
N22 Broken Hill Distillate Gas Turbine 50
TOTAL (MW) 14858 5349 9509
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Table 4.7. Climate change risk due to temperature increase on power generation in New South Wales by year 2100
 
Temperature Increase by the Year 2100
STATE 
SL#
NAME FUEL TYPE TECHNOLOGY TOTAL CAPACITY 
(MW)
>7 (°C) 6 TO 7 (°C) 5 TO 6 (°C) 4 TO 5 (°C) 3 TO 4 (°C) 2 TO 3 (°C) 1 TO 2 (°C) 0 TO 1 (°C)
N1 Mount Piper Black Coal Steam Turbine 849
N2 Wallerawang C Black Coal Steam Turbine 643
N3 Port Kembla Other Cogeneration 174
N4 Tallawarra Gas Gas Turbine 
Combined Cycle
1238
N5 Tower Colliery Gas Reciprocating 
Engine
114
N6 Appin Colliery Gas Reciprocating 
Engine
154
N7 Smithfield Gas Gas Turbine 
Combined 
Cycle/Gas Turbine
475
N8 Munmorah Black Coal Steam Turbine 386
N9 Colongra Gas Gas Turbine 1879
N10 Vales Point Gas Steam Turbine 71
N11 Vales Point B Black Coal Steam Turbine 849
N12 Eraring Black Coal Steam Turbine 1698
N13 Northern Distillate Gas Turbine 50
N14 Kurri Kurri Distillate Reciprocating 
Engine
29
N15 Hunter Valley Distillate Gas Turbine 50
N16 Bayswater Black Coal Steam Turbine 1698
N17 Liddell Black Coal Steam Turbine 1325
N18 Redbank Black Coal Fluidised Bed 
Combustion
96
N19 Redbank 2 Black Coal Fluidised Bed 
Combustion
85
N20 Koolkhan A&B Gas Gas Turbine 270
N21 Uranquinty Gas Gas Turbine 1822
N22 Broken Hill Distillate Gas Turbine 50
TOTAL (MW) 14007 3767 10240
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4.5.2 Impact on Power Generation in Victoria 
In Tables 4.8 to 4.11, the potential risks of temperature increase in Victoria are shown. 
The potential impact has been identified for the year 2030, 2050, 2070 and 2100. In 
Table 4.8 the impact on power plants in Victoria on 2030 were identified. Following the 
projection method described earlier, a total generation capacity of 10,218 MW has been 
identified by year 2030. Tables 4.8 to 4.11 identify the power plants locations with a 
serial number of V1 to V18. This has been analysed using NOAA GFDL CM2.1 model. 
Table 4.8 shows that there would be less impact of temperature increase on the power 
generation capacity in Victoria, as it will experience 0°C to 1°C, temperature rise. Table 
4.9 shows the temperature increase by year 2050. The table shows that the power 
generation in Victoria will be decreasing by year 2050. Victoria power generation is 
dependent on brown coal and located at higher altitude. However, brown coal has huge 
greenhouse gas emissions. The power generation from brown coal based power station 
will be decreasing significantly due to emission limit imposed by the government. A 
total power generation of 9,245 MW has been projected from Victoria by year 2050. 
234 MW power generation will experience a 2°C to 3°C and the rest (9,011 MW) will 
experience a temperature increase of 1°C to 2°C. The increasing risk of temperature by 
year 2070 is shown in Table 4.10. It is evident from the table that a total of 8,927 MW 
power generations has been projected by year 2070. Among this power, a total of 3,424 
MW power generation will face a temperature increase of 3°C to 4°C and a total of 
5,503 MW will face a temperature increase of 2°C to 3°C. Table 4.11 shows the risk of 
increase of temperature on power generation capacity of Victoria by year 2100. A total 
power generation of 8,948 MW is projected by year 2100. A 2,852 MW power 
generations will be affected by the increase of temperature of 4°C to 5°C. This includes 
location of power plants in Mortlake, Bairnsdale and Anglesea. The remaining power 
generation capacity (6,096 MW) will face the impact of temperature rise of 3°C to 4°C. 
In summary, most of the power plants in Victoria will face slightly low temperature 
increase compared to other states. It is due to its cold climate, and geographical 
location.  
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Table 4.8. Climate change risk due to temperature increase on power generation in Victoria by year 2030 
 
 
Temperature Increase by the Year 2030
STATE 
SL#
NAME FUEL TYPE TECHNOLOGY TOTAL CAPACITY 
(MW)
>7 (°C) 6 TO 7 (°C) 5 TO 6 (°C) 4 TO 5 (°C) 3 TO 4 (°C) 2 TO 3 (°C) 1 TO 2 (°C) 0 TO 1 (°C)
V1 Mortlake Gas Gas Turbine 
Combined Cycle
2201
V2 Bairnsdale Gas Gas Turbine 207
V3 Longford Gas Gas Turbine 70
V4 Yallourn W  A&B Brown Coal Steam Turbine 751
V5 Maryvale Other Cogeneration 121
V6 Hazelwood Brown Coal Steam Turbine 850
V7 Morwell Brown Coal Steam Turbine 86
V8 Jeeralang A&B Gas Gas Turbine 1143
V9 Loy Yang A Brown Coal Steam Turbine 1096
V10 Loy Yang B Brown Coal Steam Turbine 521
V11 Monash - Flynn Brown Coal Gasification 112
V12 Valley Power Gas Gas Turbine 660
V13 Anglesea Brown Coal Steam Turbine 76
V14 Somerton Gas Gas Turbine 330
V15 Corio Gas Cogeneration 97
V16 Newport (Yarra) Gas Steam Turbine 1123
V17 Laverton North Gas Gas Turbine 704
V18 Long Island Point Gas Cogeneration 70
TOTAL (MW) 10218 10218
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Table 4.9. Climate change risk due to temperature increase on power generation in Victoria by year 2050 
 
 
Temperature Increase by the Year 2050
STATE 
SL#
NAME FUEL TYPE TECHNOLOGY TOTAL CAPACITY 
(MW)
>7 (°C) 6 TO 7 (°C) 5 TO 6 (°C) 4 TO 5 (°C) 3 TO 4 (°C) 2 TO 3 (°C) 1 TO 2 (°C) 0 TO 1 (°C)
V1 Mortlake Gas Gas Turbine 
Combined Cycle
2488
V2 Bairnsdale Gas Gas Turbine 234
V3 Longford Gas Gas Turbine 79
V4 Yallourn W  A&B Brown Coal Steam Turbine 353
V5 Maryvale Other Cogeneration 137
V6 Hazelwood Brown Coal Steam Turbine 400
V7 Morwell Brown Coal Steam Turbine 41
V8 Jeeralang A&B Gas Gas Turbine 1291
V9 Loy Yang A Brown Coal Steam Turbine 516
V10 Loy Yang B Brown Coal Steam Turbine 245
V11 Monash - Flynn Brown Coal Gasification 53
V12 Valley Power Gas Gas Turbine 746
V13 Anglesea Brown Coal Steam Turbine 36
V14 Somerton Gas Gas Turbine 373
V15 Corio Gas Cogeneration 109
V16 Newport (Yarra) Gas Steam Turbine 1269
V17 Laverton North Gas Gas Turbine 796
V18 Long Island Point Gas Cogeneration 80
TOTAL (MW) 9245 234 9011
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Table 4.10. Climate change risk due to temperature increase on power generation in Victoria by year 2070 
 
 
Temperature Increase by the Year 2070
STATE 
SL#
NAME FUEL TYPE TECHNOLOGY TOTAL CAPACITY 
(MW)
>7 (°C) 6 TO 7 (°C) 5 TO 6 (°C) 4 TO 5 (°C) 3 TO 4 (°C) 2 TO 3 (°C) 1 TO 2 (°C) 0 TO 1 (°C)
V1 Mortlake Gas Gas Turbine 
Combined Cycle
2668
V2 Bairnsdale Gas Gas Turbine 251
V3 Longford Gas Gas Turbine 85
V4 Yallourn W  A&B Brown Coal Steam Turbine 166
V5 Maryvale Other Cogeneration 147
V6 Hazelwood Brown Coal Steam Turbine 188
V7 Morwell Brown Coal Steam Turbine 19
V8 Jeeralang A&B Gas Gas Turbine 1385
V9 Loy Yang A Brown Coal Steam Turbine 243
V10 Loy Yang B Brown Coal Steam Turbine 115
V11 Monash - Flynn Brown Coal Gasification 25
V12 Valley Power Gas Gas Turbine 801
V13 Anglesea Brown Coal Steam Turbine 17
V14 Somerton Gas Gas Turbine 400
V15 Corio Gas Cogeneration 117
V16 Newport (Yarra) Gas Steam Turbine 1361
V17 Laverton North Gas Gas Turbine 854
V18 Long Island Point Gas Cogeneration 85
TOTAL (MW) 8927 3424 5503
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Table 4.11. Climate change risk due to temperature increase on power generation in Victoria by year 2100 
 
 
Temperature Increase by the Year 2100
STATE 
SL#
NAME FUEL TYPE TECHNOLOGY TOTAL CAPACITY 
(MW)
>7 (°C) 6 TO 7 (°C) 5 TO 6 (°C) 4 TO 5 (°C) 3 TO 4 (°C) 2 TO 3 (°C) 1 TO 2 (°C) 0 TO 1 (°C)
V1 Mortlake Gas Gas Turbine 
Combined Cycle
2847
V2 Bairnsdale Gas Gas Turbine 268
V3 Longford Gas Gas Turbine 91
V4 Yallourn W  A&B Brown Coal Steam Turbine 54
V5 Maryvale Other Cogeneration 157
V6 Hazelwood Brown Coal Steam Turbine 61
V7 Morwell Brown Coal Steam Turbine 6
V8 Jeeralang A&B Gas Gas Turbine 1477
V9 Loy Yang A Brown Coal Steam Turbine 78
V10 Loy Yang B Brown Coal Steam Turbine 37
V11 Monash - Flynn Brown Coal Gasification 8
V12 Valley Power Gas Gas Turbine 854
V13 Anglesea Brown Coal Steam Turbine 5
V14 Somerton Gas Gas Turbine 427
V15 Corio Gas Cogeneration 125
V16 Newport (Yarra) Gas Steam Turbine 1452
V17 Laverton North Gas Gas Turbine 911
V18 Long Island Point Gas Cogeneration 91
TOTAL (MW) 8948 2852 6096
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4.5.3 Impact on Power Generation in Queensland 
Tables 4.12 to 4.15 summarise the impact of climate change on power plants in 
Queensland by year 2030, 2050, 2070 and 2100. There are 38 power plants locations 
were identified. In Table 4.12, the risk of temperature increase on power generation 
capacity in Queensland in 2030 has been identified. A total of 17,155 MW has been 
projected by year 2030 in Queensland. Furthermore, all power generation capacities will 
face a temperature increase of 1°C to 2°C. In Table 4.13, the risk of temperature 
increase by 2050 is shown. A total of 17,515 MW has been projected for power 
generation in Queensland by 2050. Among these power generation capacities, a total of 
6,348 MW will face the impact of 3°C to 4°C temperature increase and the rest (11,167 
MW) power generations will face 2°C to 3°C temperature increase. In Table 4.14 the 
impact of temperature increase by year 2070 is shown. A total of 17,527 MW power 
generation capacities have been projected by 2070. Around 1,908 MW power 
generation will face a temperature increase of 5°C to 6°C. Additionally, a total of 
10,347 MW power generations will face the temperature increase of 4°C to 5°C and the 
rest 5,273 MW power generations will face a temperature increase of 3°C to 5°C. Table 
4.15 shows the risk of temperature increase that may face by power plants in 
Queensland by year 2100. A total 17,300 MW power generation capacity has been 
projected for 2100. It is evident that all power plants in Queensland will face a 
temperature increase of more than 5°C in 2100. It poses a serious risk on the power 
generation capacity in Queensland. A total of 6,391 MW power generations will face a 
temperature increase of more than 7°C, 4,764 MW power generation capacities will 
face a temperature increase of 6°C to 7°C and rest (6,146 MW) power generation 
capacity will face 5°C to 6°C. This implies a serious threat on power generation in 
Queensland by year 2100. The most high risk power plants are located at Ernest Henry, 
Cannington, Phosphate Hill, Mica Creek A, B & C, Mines Station- Mt Isa, Barcaldine, 
Moranbah North, Condamine, Darling Downs, Braymer, and Braymer 2. These power 
plants will experience a temperature increase of more than 7°C. 
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Table 4.12. Climate change risk due to temperature increase on power generation in Queensland by year 2030 
 
Temperature Increase by the Year 2030
STATE 
SL#
NAME FUEL TYPE TECHNOLOGY TOTAL CAPACITY 
(MW)
>7 (°C) 6 TO 7 
(°C)
5 TO 6 
(°C)
4 TO 5 
(°C)
3 TO 4 
(°C)
2 TO 3 
(°C)
1 TO 2 
(°C)
0 TO 1 
(°C)
Q1 Ernest Henry Other Reciprocating Engine 70
Q2 Cannington Gas Cogeneration 84
Q3 Phosphate Hill Gas Gas Turbine 92
Q4 Mica Creek A,B&C Gas Steam Turbine 715
Q5 Mines Station - Mt Isa Gas Gas Turbine 99
Q6 Barcaldine Gas Gas Turbine Combined Cycle 117
Q7 Moranbah North Gas Reciprocating Engine 99
Q8 Roma Gas Gas Turbine 167
Q9 German Creek Gas Reciprocating Engine 70
Q10 Blackwater Gas Gas Turbine 66
Q11 Collinsville Black Coal Steam Turbine 164
Q12 Mackay Distillate Gas Turbine 34
Q13 Condamine Gas Gas Turbine Combined Cycle 297
Q14 Weipa Other Reciprocating Engine 57
Q15 Tarong A&B Black Coal Steam Turbine 1293
Q16 Tarong North Black Coal Steam Turbine 407
Q17 Yabulu Black Coal Steam (cogeneration) 35
Q18 Yabulu Gas Gas Turbine Combined Cycle 484
Q19 Mt Stuart Other Gas Turbine 911
Q20 Callide A&B Black Coal Steam Turbine 749
Q21 Callide C Black Coal Steam Turbine 822
Q22 Rockhampton Gas Gas Turbine 55
Q23 Stanwell Black Coal Steam Turbine 1279
Q24 Yarwun 2 Gas Cogeneration 352
Q25 Gladstone A&B Black Coal Steam Turbine 1549
Q26 Gladstone QA Black Coal Steam (cogeneration) 23
Q27 Millmerran Black Coal Steam Turbine 768
Q28 Bulwer Island Gas Cogeneration 70
Q29 Swanbank E Gas Gas Turbine Combined Cycle 848
Q30 Swanbank A&B Black Coal Steam Turbine 439
Q31 Swanbank C&D Distillate Gas Turbine 63
Q32 Middle Ridge Distillate Gas Turbine 56
Q33 Oakey Gas Gas Turbine 704
Q34 Darling Downs Gas Gas Turbine Combined Cycle 1387
Q35 Braemar Gas Gas Turbine 991
Q36 Braemar 2 Gas Gas Turbine 991
Q37 Kogan Creek Black Coal Steam Turbine 685
Q38 Daandine Gas Reciprocating Engine 60
TOTAL (MW) 17155 17155
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Table 4.13. Climate change risk due to temperature increase on power generation in Queensland by year 2050 
 
Temperature Increase by the Year 2050
STATE 
SL#
NAME FUEL TYPE TECHNOLOGY TOTAL CAPACITY 
(MW)
>7 (°C) 6 TO 7 
(°C)
5 TO 6 
(°C)
4 TO 5 
(°C)
3 TO 4 
(°C)
2 TO 3 
(°C)
1 TO 2 
(°C)
0 TO 1 
(°C)
Q1 Ernest Henry Other Reciprocating Engine 80
Q2 Cannington Gas Cogeneration 95
Q3 Phosphate Hill Gas Gas Turbine 104
Q4 Mica Creek A,B&C Gas Steam Turbine 809
Q5 Mines Station - Mt Isa Gas Gas Turbine 112
Q6 Barcaldine Gas Gas Turbine Combined Cycle 132
Q7 Moranbah North Gas Reciprocating Engine 112
Q8 Roma Gas Gas Turbine 189
Q9 German Creek Gas Reciprocating Engine 80
Q10 Blackwater Gas Gas Turbine 75
Q11 Collinsville Black Coal Steam Turbine 149
Q12 Mackay Distillate Gas Turbine 34
Q13 Condamine Gas Gas Turbine Combined Cycle 336
Q14 Weipa Other Reciprocating Engine 65
Q15 Tarong A&B Black Coal Steam Turbine 1170
Q16 Tarong North Black Coal Steam Turbine 368
Q17 Yabulu Black Coal Steam (cogeneration) 31
Q18 Yabulu Gas Gas Turbine Combined Cycle 547
Q19 Mt Stuart Other Gas Turbine 1030
Q20 Callide A&B Black Coal Steam Turbine 678
Q21 Callide C Black Coal Steam Turbine 744
Q22 Rockhampton Gas Gas Turbine 62
Q23 Stanwell Black Coal Steam Turbine 1157
Q24 Yarwun 2 Gas Cogeneration 398
Q25 Gladstone A&B Black Coal Steam Turbine 1401
Q26 Gladstone QA Black Coal Steam (cogeneration) 21
Q27 Millmerran Black Coal Steam Turbine 694
Q28 Bulwer Island Gas Cogeneration 80
Q29 Swanbank E Gas Gas Turbine Combined Cycle 958
Q30 Swanbank A&B Black Coal Steam Turbine 397
Q31 Swanbank C&D Distillate Gas Turbine 63
Q32 Middle Ridge Distillate Gas Turbine 56
Q33 Oakey Gas Gas Turbine 796
Q34 Darling Downs Gas Gas Turbine Combined Cycle 1567
Q35 Braemar Gas Gas Turbine 1120
Q36 Braemar 2 Gas Gas Turbine 1120
Q37 Kogan Creek Black Coal Steam Turbine 620
Q38 Daandine Gas Reciprocating Engine 68
TOTAL (MW) 17515 6348 11167
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Table 4.14. Climate change risk due to temperature increase on power generation in Queensland by year 2070 
 
Temperature Increase by the Year 2070
STATE 
SL#
NAME FUEL TYPE TECHNOLOGY TOTAL CAPACITY 
(MW)
>7 (°C) 6 TO 7 
(°C)
5 TO 6 
(°C)
4 TO 5 
(°C)
3 TO 4 
(°C)
2 TO 3 
(°C)
1 TO 2 
(°C)
0 TO 1 
(°C)
Q1 Ernest Henry Other Reciprocating Engine 85
Q2 Cannington Gas Cogeneration 102
Q3 Phosphate Hill Gas Gas Turbine 112
Q4 Mica Creek A,B&C Gas Steam Turbine 867
Q5 Mines Station - Mt Isa Gas Gas Turbine 120
Q6 Barcaldine Gas Gas Turbine Combined Cycle 141
Q7 Moranbah North Gas Reciprocating Engine 120
Q8 Roma Gas Gas Turbine 203
Q9 German Creek Gas Reciprocating Engine 85
Q10 Blackwater Gas Gas Turbine 80
Q11 Collinsville Black Coal Steam Turbine 135
Q12 Mackay Distillate Gas Turbine 34
Q13 Condamine Gas Gas Turbine Combined Cycle 360
Q14 Weipa Other Reciprocating Engine 69
Q15 Tarong A&B Black Coal Steam Turbine 1058
Q16 Tarong North Black Coal Steam Turbine 333
Q17 Yabulu Black Coal Steam (cogeneration) 28
Q18 Yabulu Gas Gas Turbine Combined Cycle 587
Q19 Mt Stuart Other Gas Turbine 1105
Q20 Callide A&B Black Coal Steam Turbine 613
Q21 Callide C Black Coal Steam Turbine 673
Q22 Rockhampton Gas Gas Turbine 67
Q23 Stanwell Black Coal Steam Turbine 1047
Q24 Yarwun 2 Gas Cogeneration 427
Q25 Gladstone A&B Black Coal Steam Turbine 1267
Q26 Gladstone QA Black Coal Steam (cogeneration) 19
Q27 Millmerran Black Coal Steam Turbine 628
Q28 Bulwer Island Gas Cogeneration 85
Q29 Swanbank E Gas Gas Turbine Combined Cycle 1027
Q30 Swanbank A&B Black Coal Steam Turbine 359
Q31 Swanbank C&D Distillate Gas Turbine 63
Q32 Middle Ridge Distillate Gas Turbine 56
Q33 Oakey Gas Gas Turbine 854
Q34 Darling Downs Gas Gas Turbine Combined Cycle 1681
Q35 Braemar Gas Gas Turbine 1201
Q36 Braemar 2 Gas Gas Turbine 1201
Q37 Kogan Creek Black Coal Steam Turbine 561
Q38 Daandine Gas Reciprocating Engine 73
TOTAL (MW) 17527 1908 10347 5273
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Table 4.15. Climate change risk due to temperature increase on power generation in Queensland by year 2100 
Temperature Increase by the Year 2100
STATE 
SL#
NAME FUEL TYPE TECHNOLOGY TOTAL CAPACITY 
(MW)
>7 (°C) 6 TO 7 
(°C)
5 TO 6 
(°C)
4 TO 5 
(°C)
3 TO 4 
(°C)
2 TO 3 
(°C)
1 TO 2 
(°C)
0 TO 1 
(°C)
Q1 Ernest Henry Other Reciprocating Engine 91
Q2 Cannington Gas Cogeneration 109
Q3 Phosphate Hill Gas Gas Turbine 120
Q4 Mica Creek A,B&C Gas Steam Turbine 925
Q5 Mines Station - Mt Isa Gas Gas Turbine 128
Q6 Barcaldine Gas Gas Turbine Combined Cycle 151
Q7 Moranbah North Gas Reciprocating Engine 128
Q8 Roma Gas Gas Turbine 216
Q9 German Creek Gas Reciprocating Engine 91
Q10 Blackwater Gas Gas Turbine 85
Q11 Collinsville Black Coal Steam Turbine 116
Q12 Mackay Distillate Gas Turbine 34
Q13 Condamine Gas Gas Turbine Combined Cycle 384
Q14 Weipa Other Reciprocating Engine 74
Q15 Tarong A&B Black Coal Steam Turbine 910
Q16 Tarong North Black Coal Steam Turbine 286
Q17 Yabulu Black Coal Steam (cogeneration) 24
Q18 Yabulu Gas Gas Turbine Combined Cycle 626
Q19 Mt Stuart Other Gas Turbine 1178
Q20 Callide A&B Black Coal Steam Turbine 528
Q21 Callide C Black Coal Steam Turbine 579
Q22 Rockhampton Gas Gas Turbine 71
Q23 Stanwell Black Coal Steam Turbine 901
Q24 Yarwun 2 Gas Cogeneration 455
Q25 Gladstone A&B Black Coal Steam Turbine 1090
Q26 Gladstone QA Black Coal Steam (cogeneration) 16
Q27 Millmerran Black Coal Steam Turbine 540
Q28 Bulwer Island Gas Cogeneration 91
Q29 Swanbank E Gas Gas Turbine Combined Cycle 1096
Q30 Swanbank A&B Black Coal Steam Turbine 309
Q31 Swanbank C&D Distillate Gas Turbine 63
Q32 Middle Ridge Distillate Gas Turbine 56
Q33 Oakey Gas Gas Turbine 911
Q34 Darling Downs Gas Gas Turbine Combined Cycle 1793
Q35 Braemar Gas Gas Turbine 1281
Q36 Braemar 2 Gas Gas Turbine 1281
Q37 Kogan Creek Black Coal Steam Turbine 482
Q38 Daandine Gas Reciprocating Engine 78
TOTAL (MW) 17300 6391 4764 6146
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4.5.4 Impact on Power Generation in South Australia 
In South Australia, there are 16 fossil fuelled based power plants. The majority of the 
power plants are gas based power plants, among which ‘Torres Island A and B’ is the 
largest gas based power plant (2818 MW by 2030) in Australia. The impact of climate 
change on power generation in South Australia by year 2030, 2050, 2070 and 2100 is 
shown in Tables 4.16 to 4.19. Table 4.16 shows that 7,164 MW power will be generated 
in South Australia in 2030. A total of 1,474 MW will face an increase of temperature 
from 1°C to 2°C and rest (5,690 MW) will face a temperature increase of 0°C to 1°C. 
Table 4.17 shows a projected 7,909 MW power generation by year 2050. A total of 87 
MW will experience the impact of 3°C to 4°C temperature increase, while 1,397 MW 
will be affected by a temperature rise of 2°C to 3°C and the rest (6,424 MW) will face 
1°C to 2°C temperature increase. Table 4.18 shows a total of 8,357 MW power 
generations by year 2070. 93 MW will experience 4 to 5°C; 7,672 MW will face 3°C to 
4°C increase and the rest (592 MW) will experience a temperature increase of 2°C to 
3°C. Table 4.19 shows a total of 8,776 MW power generation capacities in 2100. Out of 
which, 100 MW power generations will experience a temperature increase of more than 
7°C; 1,077 MW will 5°C to 6°C; 571 MW will 3°C to 4°C and the remaining (7,028 
MW) will face a temperature increase 2°C to 3°C. In summary, a total of 1,177 MW 
power generations will experience a temperature increase of more than 5°C. Power 
plant located at Moomba will face the highest risk of temperature increase of more than 
7°C. Other power plants located at Thomas Playford B, Whyalla, Hallett and Northern 
will be affected by a temperature increase of more than 5°C. 
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Table 4.16. Climate change risk due to temperature increase on power generation in South Australia by year 2030 
 
 
Temperature Increase by the Year 2030
STATE 
SL#
NAME FUEL TYPE TECHNOLOGY TOTAL 
CAPACITY (MW)
>7 
(°C)
6 TO 7 
(°C)
5 TO 6 
(°C)
4 TO 5 
(°C)
3 TO 4 
(°C)
2 TO 3 
(°C)
1 TO 2 
(°C)
0 TO 1 
(°C)
S1 Moomba Gas Gas Turbine 77
S2 Port Lincoln Distillate Gas Turbine 50
S3 Thomas Playford B Black Coal Steam Turbine 219
S4 Whyalla Black Coal/Gas Cogeneration 90
S5 Hallett Gas Gas Turbine 396
S6 Mintaro Gas Gas Turbine 198
S7 Ladbroke Grove Gas Gas Turbine 176
S8 Snuggery Gas/Other Gas Turbine 227
S9 Angaston Other Reciprocating Engine 110
S10 Lonsdale Other Reciprocating Engine 44
S11 Quarantine Gas Gas Turbine 473
S12 Dry Creek Gas Gas Turbine 343
S13 Osborne Gas Cogeneration 396
S14 Torrens Island A&B Gas Steam Turbine 2818
S15 Pelican Point Gas Gas Turbine 
Combined Cycle
1052
S16 Northern Black Coal Steam Turbine 493
TOTAL (MW) 7164 1474 5690
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Table 4.17. Climate change risk due to temperature increase on power generation in South Australia by year 2050 
 
 
Temperature Increase by the Year 2050
STATE 
SL#
NAME FUEL TYPE TECHNOLOGY TOTAL 
CAPACITY (MW)
>7 
(°C)
6 TO 7 
(°C)
5 TO 6 
(°C)
4 TO 5 
(°C)
3 TO 4 
(°C)
2 TO 3 
(°C)
1 TO 2 
(°C)
0 TO 1 
(°C)
S1 Moomba Gas Gas Turbine 87
S2 Port Lincoln Distillate Gas Turbine 50
S3 Thomas Playford B Black Coal Steam Turbine 198
S4 Whyalla Black Coal/Gas Cogeneration 81
S5 Hallett Gas Gas Turbine 448
S6 Mintaro Gas Gas Turbine 224
S7 Ladbroke Grove Gas Gas Turbine 199
S8 Snuggery Gas/Other Gas Turbine 256
S9 Angaston Other Reciprocating Engine 124
S10 Lonsdale Other Reciprocating Engine 50
S11 Quarantine Gas Gas Turbine 535
S12 Dry Creek Gas Gas Turbine 388
S13 Osborne Gas Cogeneration 448
S14 Torrens Island A&B Gas Steam Turbine 3185
S15 Pelican Point Gas Gas Turbine 
Combined Cycle
1189
S16 Northern Black Coal Steam Turbine 446
TOTAL (MW) 7909 87 1397 6424
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Table 4.18. Climate change risk due to temperature increase on power generation in South Australia by year 2070 
 
 
Temperature Increase by the Year 2070
STATE 
SL#
NAME FUEL TYPE TECHNOLOGY TOTAL 
CAPACITY (MW)
>7 
(°C)
6 TO 7 
(°C)
5 TO 6 
(°C)
4 TO 5 
(°C)
3 TO 4 
(°C)
2 TO 3 
(°C)
1 TO 2 
(°C)
0 TO 1 
(°C)
S1 Moomba Gas Gas Turbine 93
S2 Port Lincoln Distillate Gas Turbine 50
S3 Thomas Playford B Black Coal Steam Turbine 179
S4 Whyalla Black Coal/Gas Cogeneration 73
S5 Hallett Gas Gas Turbine 480
S6 Mintaro Gas Gas Turbine 240
S7 Ladbroke Grove Gas Gas Turbine 213
S8 Snuggery Gas/Other Gas Turbine 275
S9 Angaston Other Reciprocating Engine 133
S10 Lonsdale Other Reciprocating Engine 53
S11 Quarantine Gas Gas Turbine 574
S12 Dry Creek Gas Gas Turbine 416
S13 Osborne Gas Cogeneration 480
S14 Torrens Island A&B Gas Steam Turbine 3416
S15 Pelican Point Gas Gas Turbine 
Combined Cycle
1276
S16 Northern Black Coal Steam Turbine 404
TOTAL (MW) 8357 93 7672 592
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Table 4.19. Climate change risk due to temperature increase on power generation in South Australia by year 2100 
 
 
Temperature Increase by the Year 2100
STATE 
SL#
NAME FUEL TYPE TECHNOLOGY TOTAL 
CAPACITY (MW)
>7 
(°C)
6 TO 7 
(°C)
5 TO 6 
(°C)
4 TO 5 
(°C)
3 TO 4 
(°C)
2 TO 3 
(°C)
1 TO 2 
(°C)
0 TO 1 
(°C)
S1 Moomba Gas Gas Turbine 100
S2 Port Lincoln Distillate Gas Turbine 50
S3 Thomas Playford B Black Coal Steam Turbine 154
S4 Whyalla Black Coal/Gas Cogeneration 63
S5 Hallett Gas Gas Turbine 512
S6 Mintaro Gas Gas Turbine 256
S7 Ladbroke Grove Gas Gas Turbine 228
S8 Snuggery Gas/Other Gas Turbine 293
S9 Angaston Other Reciprocating Engine 142
S10 Lonsdale Other Reciprocating Engine 57
S11 Quarantine Gas Gas Turbine 612
S12 Dry Creek Gas Gas Turbine 444
S13 Osborne Gas Cogeneration 512
S14 Torrens Island A&B Gas Steam Turbine 3644
S15 Pelican Point Gas Gas Turbine 
Combined Cycle
1361
S16 Northern Black Coal Steam Turbine 347
TOTAL (MW) 8776 100 1077 571 7028
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4.5.5 Impact on Power Generation in Western Australia 
The Western Australia possesses 51 fossil fuelled based power plants. Most Western Australian 
power plants are gas fuelled. Recent exploration of large gas reserve in Western Australia 
indicates more gas based power plants will be set up in the future. Tables 4.20 to 4.23 
summarise the impact of climate change on the power plants in Western Australia in 2030, 
2050, 2070 and 2100. Table 4.20 shows a projected power generation of 15,254 MW by 2030. 
Furthermore, Table 4.20 shows a 9,833 MW power generation capacities will face a 
temperature increase of 1°C to 2°C and rest other (5,420 MW) power generations will face a 
temperature increase of 0°C to 1°C. In Table 4.21, the risk of temperature increase by year 
2050 is shown. By 2050, the study projected a total of 16,637 MW power generations in 
Western Australia. Temperature increase of 4°C to 5°C will affect 381 MW power generations 
in Western Australia by 2050. Furthermore, 4,392 MW power generation will be affected by 
3°C to 4°C temperature increase; 7,190 MW power generation will be affected by temperature 
increase of 2°C to 3°C and rest other (4,674 MW) power generation will experience 1°C to 2°C 
temperature increase. Table 4.22 implies a serious consequence of climate change on power 
plants in Western Australia by 2070. Among projected total power generation of 17,440 MW, 
temperature increase of 6°C to 7°C will affect 865 MW of power generation. Furthermore, 
4,039 MW power generations will experience the impact of 5°C to 6°C temperature increase, 
961 MW power generations will experience the temperature increase of 4°C to 5°C. A slightly 
less temperature increase (3°C to 5°C) will affect 11,386 MW power generation and rest (189 
MW) power generations will experience 2°C to 3°C temperature increase. Table 4.23 shows the 
risk of temperature increase by year 2100. A serious consequence of climate change will affect 
the whole power generation system of Western Australia. The study projected a total of 18,155 
MW power generation by 2100 in Western Australia. As huge natural reserve of gas is been 
explored in recent years (such as Gorgon Project) and expectation of more exploration of gas 
based natural reserve in coming years in Western Australia, it is a common assumption of more 
gas based power plant in Western Australia. However, due to the geographical location of 
Western Australia, climate change model (GFDL CM2.1) simulation has identified a large 
region of Western Australia will be affected by temperature increase of more than 5°C and a 
significant region will experience a temperature increase up to 7°C. The consequence of 
climate change will be worsening more in 2100. Table 4.23 implies all the power plants in 
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Western Australia will be affected by temperature increase of more than 4°C. It represents a 
serious risk on the power generation capacity in Western Australia. A total 5,230 MW power 
generations will face a temperature increase of more than 7°C. This implies a huge power 
generation capacity will be under a serious problem of increased power generation capacity in 
Western Australia by year 2100. A total of 314 MW power generation capacity will be affected 
by temperature increase of 6°C to 7°C, 6,212 MW power generation will experience a 
temperature increase of 5°C to 6°C and rest (6,146 MW) power generation capacity will 
experience 4°C to 5°C. 
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Table 4.20 Climate change risk due to temperature increase on power generation in Western 
Australia by year 2030 
 
  
Temperature Increase by the Year 2030
STATE 
SL#
NAME FUEL TYPE TECHNOLOGY TOTAL 
CAPACITY 
(MW)
>7 
(°C)
6 TO 7 
(°C)
5 TO 6 
(°C)
4 TO 5 
(°C)
3 TO 4 
(°C)
2 TO 3 
(°C)
1 TO 2 
(°C)
0 TO 1 
(°C)
W1 Argyle Other Reciprocating 
Engine
44
W2 Broome Gas Gas Turbine 88
W3 Nifty Gas Gas Turbine 50
W4 Telfer Gas Gas Turbine 310
W5 Port Hedland Gas Gas Turbine 396
W6 Cloud Break Gas Gas Turbine 99
W7 Paraburdoo Distillate Reciprocating 
Engine
20
W8 Newman Gas Gas Turbine 238
W9 Cape Preston Gas Gas Turbine 
Combined Cycle
991
W10 Karratha - ATCO Gas Gas Turbine 189
W11 Cape Lambert Gas Gas Turbine 
Combined Cycle
231
W12 Karratha - 7 Mile Gas Gas Turbine 550
W13 Dampier C Gas Steam Turbine 264
W14 Dampier Gas Steam Turbine 264
W15 Burrup Peninsula Gas Steam Turbine 88
W16 Wiluna Gas Reciprocating 
Engine
45
W17 Mount Keith Gas Gas Turbine 92
W18 Leinster Gas Gas Turbine 88
W19 Murrin Murrin Gas Cogeneration 176
W20 Sunrise Dam Distillate Reciprocating 
Engine
24
W21 Geraldton Gas Gas Turbine 46
W22 Mungarra Gas Gas Turbine 
Combined Cycle
247
W23 Ravensthorpe Other Cogeneration 84
W24 Esperance Gas Gas Turbine 73
W25 Cawse Gas Cogeneration 48
W26 Kalgoorlie Gas Gas Turbine 132
W27 Kalgoorlie Nickel 
Smelter
Gas Gas Turbine 92
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Table 4.20 Climate change risk due to temperature increase on power generation in Western 
Australia by year 2030 (Continued). 
 
 
  
Temperature Increase by the Year 2030
STATE 
SL#
NAME FUEL TYPE TECHNOLOGY TOTAL 
CAPACITY 
(MW)
>7 
(°C)
6 TO 7 
(°C)
5 TO 6 
(°C)
4 TO 5 
(°C)
3 TO 4 
(°C)
2 TO 3 
(°C)
1 TO 2 
(°C)
0 TO 1 
(°C)
W28 Parkeston Gas Gas Turbine 231
W29 Kambalda Gas Gas Turbine 92
W30 Muja A,B,C&D Black Coal Steam Turbine 780
W31 Bluewaters 1&2 Black Coal Steam Turbine 380
W32 Collie A Black Coal Steam Turbine 302
W33 Kemerton Gas Gas Turbine 572
W34 Wagerup Gas/Other Cogeneration 216
W35 Wagerup Gas Gas Turbine 837
W36 Worsley Gas Cogeneration 264
W37 Worsley Black Coal Cogeneration 119
W38 Pinjarra Gas Steam Turbine 209
W39 Pinjarra Gas Cogeneration 616
W40 Kwinana - 
HydrogenEnergy
Black Coal Gasification 457
W41 Kwinana - 
NewGen
Gas Gas Turbine 
Combined Cycle
704
W42 Kwinana Swift Gas Gas Turbine 264
W43 Kwinana BP 
Refinery
Gas Cogeneration 262
W44 Kwinana 2 Gas Cogeneration 68
W45 Cockburn 1 Gas Gas Turbine 
Combined Cycle
528
W46 Kwinana - HEGT Gas Gas Turbine 440
W47 Kwinana Gas Steam Turbine 165
W48 Kwinana A,B&C Black 
Coal/Gas
Steam Turbine 
and Gas Turbine
603
W49 Neerabup Gas Gas Turbine 726
W50 Perth Other Unknown 176
W51 Pinjar Gas Gas Turbine 1268
TOTAL (MW) 15254 9833 5420
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Table 4.21. Climate change risk due to temperature increase on power generation in Western 
Australia by year 2050 
 
  
Temperature Increase by the Year 2050
STATE 
SL#
NAME FUEL TYPE TECHNOLOGY TOTAL 
CAPACITY 
(MW)
>7 
(°C)
6 TO 7 
(°C)
5 TO 6 
(°C)
4 TO 5 
(°C)
3 TO 4 
(°C)
2 TO 3 
(°C)
1 TO 2 
(°C)
0 TO 1 
(°C)
W1 Argyle Other Reciprocating 
Engine
50
W2 Broome Gas Gas Turbine 99
W3 Nifty Gas Gas Turbine 57
W4 Telfer Gas Gas Turbine 351
W5 Port Hedland Gas Gas Turbine 448
W6 Cloud Break Gas Gas Turbine 112
W7 Paraburdoo Distillate Reciprocating 
Engine
20
W8 Newman Gas Gas Turbine 269
W9 Cape Preston Gas Gas Turbine 
Combined Cycle
1120
W10 Karratha - ATCO Gas Gas Turbine 214
W11 Cape Lambert Gas Gas Turbine 
Combined Cycle
261
W12 Karratha - 7 Mile Gas Gas Turbine 622
W13 Dampier C Gas Steam Turbine 299
W14 Dampier Gas Steam Turbine 299
W15 Burrup Peninsula Gas Steam Turbine 100
W16 Wiluna Gas Reciprocating 
Engine
51
W17 Mount Keith Gas Gas Turbine 104
W18 Leinster Gas Gas Turbine 100
W19 Murrin Murrin Gas Cogeneration 199
W20 Sunrise Dam Distillate Reciprocating 
Engine
24
W21 Geraldton Gas Gas Turbine 52
W22 Mungarra Gas Gas Turbine 
Combined Cycle
279
W23 Ravensthorpe Other Cogeneration 95
W24 Esperance Gas Gas Turbine 82
W25 Cawse Gas Cogeneration 55
W26 Kalgoorlie Gas Gas Turbine 149
W27 Kalgoorlie Nickel 
Smelter
Gas Gas Turbine 104
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Table 4.21. Climate change risk due to temperature increase on power generation in Western 
Australia by year 2050 (Continued) 
 
  
Temperature Increase by the Year 2050
STATE 
SL#
NAME FUEL TYPE TECHNOLOGY TOTAL 
CAPACITY 
(MW)
>7 
(°C)
6 TO 7 
(°C)
5 TO 6 
(°C)
4 TO 5 
(°C)
3 TO 4 
(°C)
2 TO 3 
(°C)
1 TO 2 
(°C)
0 TO 1 
(°C)
W28 Parkeston Gas Gas Turbine 261
W29 Kambalda Gas Gas Turbine 104
W30 Muja A,B,C&D Black Coal Steam Turbine 706
W31 Bluewaters 1&2 Black Coal Steam Turbine 344
W32 Collie A Black Coal Steam Turbine 273
W33 Kemerton Gas Gas Turbine 647
W34 Wagerup Gas/Other Cogeneration 244
W35 Wagerup Gas Gas Turbine 945
W36 Worsley Gas Cogeneration 299
W37 Worsley Black Coal Cogeneration 107
W38 Pinjarra Gas Steam Turbine 236
W39 Pinjarra Gas Cogeneration 697
W40 Kwinana - 
HydrogenEnergy
Black Coal Gasification 413
W41 Kwinana - 
NewGen
Gas Gas Turbine 
Combined Cycle
796
W42 Kwinana Swift Gas Gas Turbine 299
W43 Kwinana BP 
Refinery
Gas Cogeneration 296
W44 Kwinana 2 Gas Cogeneration 77
W45 Cockburn 1 Gas Gas Turbine 
Combined Cycle
597
W46 Kwinana - HEGT Gas Gas Turbine 498
W47 Kwinana Gas Steam Turbine 187
W48 Kwinana A,B&C Black 
Coal/Gas
Steam Turbine 
and Gas Turbine
546
W49 Neerabup Gas Gas Turbine 821
W50 Perth Other Unknown 199
W51 Pinjar Gas Gas Turbine 1433
TOTAL (MW) 16637 381 4392 7190 4674
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Table 4.22. Climate change risk due to temperature increase on power generation in Western 
Australia by year 2070 
 
  
Temperature Increase by the Year 2070
STATE 
SL#
NAME FUEL TYPE TECHNOLOGY TOTAL 
CAPACITY 
(MW)
>7 
(°C)
6 TO 7 
(°C)
5 TO 6 
(°C)
4 TO 5 
(°C)
3 TO 4 
(°C)
2 TO 3 
(°C)
1 TO 2 
(°C)
0 TO 1 
(°C)
W1 Argyle Other Reciprocating 
Engine
53
W2 Broome Gas Gas Turbine 106
W3 Nifty Gas Gas Turbine 61
W4 Telfer Gas Gas Turbine 376
W5 Port Hedland Gas Gas Turbine 480
W6 Cloud Break Gas Gas Turbine 120
W7 Paraburdoo Distillate Reciprocating 
Engine
20
W8 Newman Gas Gas Turbine 288
W9 Cape Preston Gas Gas Turbine 
Combined Cycle
1201
W10 Karratha - ATCO Gas Gas Turbine 229
W11 Cape Lambert Gas Gas Turbine 
Combined Cycle
280
W12 Karratha - 7 Mile Gas Gas Turbine 667
W13 Dampier C Gas Steam Turbine 320
W14 Dampier Gas Steam Turbine 320
W15 Burrup Peninsula Gas Steam Turbine 107
W16 Wiluna Gas Reciprocating 
Engine
55
W17 Mount Keith Gas Gas Turbine 112
W18 Leinster Gas Gas Turbine 107
W19 Murrin Murrin Gas Cogeneration 213
W20 Sunrise Dam Distillate Reciprocating 
Engine
24
W21 Geraldton Gas Gas Turbine 56
W22 Mungarra Gas Gas Turbine 
Combined Cycle
299
W23 Ravensthorpe Other Cogeneration 101
W24 Esperance Gas Gas Turbine 88
W25 Cawse Gas Cogeneration 59
W26 Kalgoorlie Gas Gas Turbine 160
W27 Kalgoorlie Nickel 
Smelter
Gas Gas Turbine 112
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Table 4.22. Climate change risk due to temperature increase on power generation in Western 
Australia by year 2070 (Continued) 
 
  
Temperature Increase by the Year 2070
STATE 
SL#
NAME FUEL TYPE TECHNOLOGY TOTAL 
CAPACITY 
(MW)
>7 
(°C)
6 TO 7 
(°C)
5 TO 6 
(°C)
4 TO 5 
(°C)
3 TO 4 
(°C)
2 TO 3 
(°C)
1 TO 2 
(°C)
0 TO 1 
(°C)
W28 Parkeston Gas Gas Turbine 280
W29 Kambalda Gas Gas Turbine 112
W30 Muja A,B,C&D Black Coal Steam Turbine 639
W31 Bluewaters 1&2 Black Coal Steam Turbine 311
W32 Collie A Black Coal Steam Turbine 247
W33 Kemerton Gas Gas Turbine 694
W34 Wagerup Gas/Other Cogeneration 262
W35 Wagerup Gas Gas Turbine 1014
W36 Worsley Gas Cogeneration 320
W37 Worsley Black Coal Cogeneration 97
W38 Pinjarra Gas Steam Turbine 254
W39 Pinjarra Gas Cogeneration 747
W40 Kwinana - 
HydrogenEnergy
Black Coal Gasification 374
W41 Kwinana - 
NewGen
Gas Gas Turbine 
Combined Cycle
854
W42 Kwinana Swift Gas Gas Turbine 320
W43 Kwinana BP 
Refinery
Gas Cogeneration 318
W44 Kwinana 2 Gas Cogeneration 83
W45 Cockburn 1 Gas Gas Turbine 
Combined Cycle
640
W46 Kwinana - HEGT Gas Gas Turbine 534
W47 Kwinana Gas Steam Turbine 200
W48 Kwinana A,B&C Black Coal 
/Gas
Steam Turbine 
and Gas Turbine
493
W49 Neerabup Gas Gas Turbine 881
W50 Perth Other Unknown 213
W51 Pinjar Gas Gas Turbine 1537
TOTAL (MW) 17440 865 4039 961 11386 189
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Table 4.23. Climate change risk due to temperature increase on power generation in Western 
Australia by year 2100 
 
  
Temperature Increase by the Year 2100
STATE 
SL#
NAME FUEL TYPE TECHNOLOGY TOTAL 
CAPACITY 
(MW)
>7 
(°C)
6 TO 7 
(°C)
5 TO 6 
(°C)
4 TO 5 
(°C)
3 TO 4 
(°C)
2 TO 3 
(°C)
1 TO 2 
(°C)
0 TO 1 
(°C)
W1 Argyle Other Reciprocating 
Engine
57
W2 Broome Gas Gas Turbine 114
W3 Nifty Gas Gas Turbine 65
W4 Telfer Gas Gas Turbine 401
W5 Port Hedland Gas Gas Turbine 512
W6 Cloud Break Gas Gas Turbine 128
W7 Paraburdoo Distillate Reciprocating 
Engine
20
W8 Newman Gas Gas Turbine 307
W9 Cape Preston Gas Gas Turbine 
Combined Cycle
1281
W10 Karratha - ATCO Gas Gas Turbine 245
W11 Cape Lambert Gas Gas Turbine 
Combined Cycle
299
W12 Karratha - 7 Mile Gas Gas Turbine 712
W13 Dampier C Gas Steam Turbine 342
W14 Dampier Gas Steam Turbine 342
W15 Burrup Peninsula Gas Steam Turbine 114
W16 Wiluna Gas Reciprocating 
Engine
59
W17 Mount Keith Gas Gas Turbine 120
W18 Leinster Gas Gas Turbine 114
W19 Murrin Murrin Gas Cogeneration 228
W20 Sunrise Dam Distillate Reciprocating 
Engine
24
W21 Geraldton Gas Gas Turbine 60
W22 Mungarra Gas Gas Turbine 
Combined Cycle
319
W23 Ravensthorpe Other Cogeneration 108
W24 Esperance Gas Gas Turbine 94
W25 Cawse Gas Cogeneration 63
W26 Kalgoorlie Gas Gas Turbine 171
W27 Kalgoorlie Nickel 
Smelter
Gas Gas Turbine 120
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Table 4.23. Climate change risk due to temperature increase on power generation in Western 
Australia by year 2100 (Continued) 
 
  
Temperature Increase by the Year 2100
STATE 
SL#
NAME FUEL TYPE TECHNOLOGY TOTAL 
CAPACITY 
(MW)
>7 
(°C)
6 TO 7 
(°C)
5 TO 6 
(°C)
4 TO 5 
(°C)
3 TO 4 
(°C)
2 TO 3 
(°C)
1 TO 2 
(°C)
0 TO 1 
(°C)
W28 Parkeston Gas Gas Turbine 299
W29 Kambalda Gas Gas Turbine 120
W30 Muja A,B,C&D Black Coal Steam Turbine 549
W31 Bluewaters 1&2 Black Coal Steam Turbine 268
W32 Collie A Black Coal Steam Turbine 212
W33 Kemerton Gas Gas Turbine 740
W34 Wagerup Gas/Other Cogeneration 279
W35 Wagerup Gas Gas Turbine 1082
W36 Worsley Gas Cogeneration 342
W37 Worsley Black Coal Cogeneration 84
W38 Pinjarra Gas Steam Turbine 270
W39 Pinjarra Gas Cogeneration 797
W40 Kwinana - 
HydrogenEnergy
Black Coal Gasification 322
W41 Kwinana - 
NewGen
Gas Gas Turbine 
Combined Cycle
911
W42 Kwinana Swift Gas Gas Turbine 342
W43 Kwinana BP 
Refinery
Gas Cogeneration 339
W44 Kwinana 2 Gas Cogeneration 88
W45 Cockburn 1 Gas Gas Turbine 
Combined Cycle
683
W46 Kwinana - HEGT Gas Gas Turbine 569
W47 Kwinana Gas Steam Turbine 213
W48 Kwinana A,B&C Black 
Coal/Gas
Steam Turbine 
and Gas Turbine
425
W49 Neerabup Gas Gas Turbine 939
W50 Perth Other Unknown 228
W51 Pinjar Gas Gas Turbine 1640
TOTAL (MW) 18155 5230 314 6212 6399
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4.5.6 Impact on Power Generation in Northern Territory 
The Northern Territory is located in two distinctive climate zones; the northern part includes 
Darwin, and the central region which includes Alice Spring. The northern end has a tropical 
climate with high humidity and the central region which is mainly desert region has semi-arid 
climate. Climate change will create a serious consequence in terms of a rapid temperature 
increase in Northern Territory especially its central region. Tables 4.24 to 4.27 shows the 
potential impact of climate change on power generation in Northern Territory by year 2030, 
2050, 2070 and 2100. In Northern Territory there are 11 power generation sites. Table 4.24 
shows the temperature increase that can affect power generation capacity in Northern Territory 
in 2030. As described earlier, the study projected a total of 1,877 MW by 2030 will experience 
a temperature increase of 1°C to 2°C. By 2050, 2,117 MW of power generation will be affected 
by the rise of temperature. A total of 425 MW power generation will be affected by 3°C to 4°C 
and rest (1,692 MW) will experience 2°C to 3°C temperature rise. Table 4.26 identifies a 
projected 2,269 MW power generation by 2070, whereas, 231 MW power generation will be 
affected by 5°C to 6°C and 1,757 MW power generation by 4°C to 5°C. The remaining (280 
MW) power generations will face a temperature increase of 3°C to 4°C. Climate change model 
NOAA GDL CM 2.1 has identified a rapid increase of temperature by the year 2100, including 
the whole central region and most area of northern part of Northern Territory. Table 4.27 
represents the risk of temperature increase on power plants in Northern Territory by year 2100. 
The study has projected 2,418 MW of power generation by 2100. A 486 MW power generation 
will be affected by a temperature increase of more than 7°C; 1,633 MW of power generation by 
6°C and 299 MW by 4°C to 5°C. It is evident from the table that almost all power plants will 
face the impact of temperature increase of over 5°C by 2100. Among the generation capacity, 
power plants located at Alice Springs, Pine Creek, Mt Todd, Katherine will be experienced by 
7°C temperature rise.  
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Table 4.24. Climate change risk due to temperature increase on power generation in Northern 
Territory by year 2030 
 
Table 4.25. Climate change risk due to temperature increase on power generation in Northern 
Territory by year 2050 
 
  
Temperature Increase by the Year 2030
STATE 
SL#
NAME FUEL TYPE TECHNOLOGY TOTAL CAPACITY 
(MW)
>7 
(°C)
6 TO 7 
(°C)
5 TO 6 
(°C)
4 TO 5 
(°C)
3 TO 4 
(°C)
2 TO 3 
(°C)
1 TO 2 
(°C)
0 TO 1 
(°C)
NT1 Alice Springs Gas/Other Gas Turbine / 
Reciprocating Engine
129
NT2 McArthur River Gas/Other Gas Turbine / 
Reciprocating Engine
46
NT3 Gove Other Steam Turbine 231
NT4 Jabiru Distillate Reciprocating Engine 
and Steam Turbine
28
NT5 Pine Creek Gas Gas Turbine Combined 
Cycle/Gas Turbine
108
NT6 Mt Todd Gas Gas Turbine 77
NT7 Katherine Gas/Other Gas Turbine / 
Reciprocating Engine
62
NT8 Berrimah Gas Gas Turbine 66
NT9 Wickham Point Gas Gas Turbine 396
NT10 Channel Island Gas/Other Gas Turbine Combined 
Cycle
561
NT11 Weddell Gas Gas Turbine 172
TOTAL (MW) 1877 1877
Temperature Increase by the Year 2050
STATE 
SL#
NAME FUEL TYPE TECHNOLOGY TOTAL CAPACITY 
(MW)
>7 
(°C)
6 TO 7 
(°C)
5 TO 6 
(°C)
4 TO 5 
(°C)
3 TO 4 
(°C)
2 TO 3 
(°C)
1 TO 2 
(°C)
0 TO 1 
(°C)
NT1 Alice Springs Gas/Other Gas Turbine / 
Reciprocating Engine
146
NT2 McArthur River Gas/Other Gas Turbine / 
Reciprocating Engine
52
NT3 Gove Other Steam Turbine 261
NT4 Jabiru Distillate Reciprocating Engine 
and Steam Turbine
28
NT5 Pine Creek Gas Gas Turbine Combined 
Cycle/Gas Turbine
122
NT6 Mt Todd Gas Gas Turbine 87
NT7 Katherine Gas/Other Gas Turbine / 
Reciprocating Engine
70
NT8 Berrimah Gas Gas Turbine 75
NT9 Wickham Point Gas Gas Turbine 448
NT10 Channel Island Gas/Other Gas Turbine Combined 
Cycle
634
NT11 Weddell Gas Gas Turbine 194
TOTAL (MW) 2117 425 1692
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Table 4.26. Climate change risk due to temperature increase on power generation in Northern 
Territory by year 2070 
 
 
Table 4.27. Climate change risk due to temperature increase on power generation in Northern 
Territory by year 2100 
 
Temperature Increase by the Year 2070
STATE 
SL#
NAME FUEL TYPE TECHNOLOGY TOTAL CAPACITY 
(MW)
>7 
(°C)
6 TO 7 
(°C)
5 TO 6 
(°C)
4 TO 5 
(°C)
3 TO 4 
(°C)
2 TO 3 
(°C)
1 TO 2 
(°C)
0 TO 1 
(°C)
NT1 Alice Springs Gas/Other Gas Turbine / 
Reciprocating Engine
157
NT2 McArthur River Gas/Other Gas Turbine / 
Reciprocating Engine
56
NT3 Gove Other Steam Turbine 280
NT4 Jabiru Distillate Reciprocating Engine 
and Steam Turbine
28
NT5 Pine Creek Gas Gas Turbine Combined 
Cycle/Gas Turbine
131
NT6 Mt Todd Gas Gas Turbine 93
NT7 Katherine Gas/Other Gas Turbine / 
Reciprocating Engine
75
NT8 Berrimah Gas Gas Turbine 80
NT9 Wickham Point Gas Gas Turbine 480
NT10 Channel Island Gas/Other Gas Turbine Combined 
Cycle
680
NT11 Weddell Gas Gas Turbine 208
TOTAL (MW) 2269 231 1757 280
Temperature Increase by the Year 2100
STATE 
SL#
NAME FUEL TYPE TECHNOLOGY TOTAL CAPACITY 
(MW)
>7 
(°C)
6 TO 7 
(°C)
5 TO 6 
(°C)
4 TO 5 
(°C)
3 TO 4 
(°C)
2 TO 3 
(°C)
1 TO 2 
(°C)
0 TO 1 
(°C)
NT1 Alice Springs Gas/Other Gas Turbine / 
Reciprocating Engine
167
NT2 McArthur River Gas/Other Gas Turbine / 
Reciprocating Engine
60
NT3 Gove Other Steam Turbine 299
NT4 Jabiru Distillate Reciprocating Engine 
and Steam Turbine
28
NT5 Pine Creek Gas Gas Turbine Combined 
Cycle/Gas Turbine
139
NT6 Mt Todd Gas Gas Turbine 100
NT7 Katherine Gas/Other Gas Turbine / 
Reciprocating Engine
80
NT8 Berrimah Gas Gas Turbine 85
NT9 Wickham Point Gas Gas Turbine 512
NT10 Channel Island Gas/Other Gas Turbine Combined 
Cycle
726
NT11 Weddell Gas Gas Turbine 222
TOTAL (MW) 2418 486 1633 299
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4.5.7 Impact on Power Generation in Tasmania 
The effect of temperature in 2030, 2050, 2070 and 2100 for Tasmania is shown in Tables 4.28 
to 4.31. It may be noted that the power generation in Tasmania is predominantly from the hydro 
resources. However, the state has 4 gas based power plants. Due to the geomorphological 
location, Tasmania is cooler comparative to other states of Australia such as Queensland, 
Western Australia and South Australia. Due to this reason, the temperature increase in first half 
of 21st century is comparatively low in Tasmania. In 2030, the study projected power 
generation around 1,405 MW that would experience temperature increase of 0°C to 1°C (Table 
4.28). A further temperature increase of 1°C to 2°C will affect the power generation (1,580 
MW) in 2050 (Table 4.29). A total of 1,690 MW of power generation will experience 
temperature increase of 2°C to 3°C as shown in Table 4.30. In 2100, all the power generation 
(1,799 MW) in Tasmania will face a temperature increase of 3°C to 4°C (Table 4.31).  
Table 4.28. Climate change risk due to temperature increase on power generation in Tasmania 
by year 2030 
 
 
 
 
 
 
Temperature Increase by the Year 2030
STATE 
SL#
NAME FUEL TYPE TECHNOLOGY TOTAL CAPACITY 
(MW)
>7 
(°C)
6 TO 7 
(°C)
5 TO 6 
(°C)
4 TO 5 
(°C)
3 TO 4 
(°C)
2 TO 3 
(°C)
1 TO 2 
(°C)
0 TO 1 
(°C)
T1 Bastyan Distillate Reciprocating 
Engine
60
T2 Tamar Valley 2 Gas Gas Turbine 
Combined Cycle
586
T3 Tamar Valley Gas Gas Turbine 231
T4 Bell Bay Gas Steam Turbine 528
TOTAL (MW) 1405 1405
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Table 4.29. Climate change risk due to temperature increase on power generation in Tasmania 
by year 2050 
 
Table 4.30. Climate change risk due to temperature increase on power generation in Tasmania 
by year 2070 
 
Table 4.31. Climate change risk due to temperature increase on power generation in Tasmania 
by year 2100 
 
  
Temperature Increase by the Year 2050
STATE 
SL#
NAME FUEL TYPE TECHNOLOGY TOTAL CAPACITY 
(MW)
>7 
(°C)
6 TO 7 
(°C)
5 TO 6 
(°C)
4 TO 5 
(°C)
3 TO 4 
(°C)
2 TO 3 
(°C)
1 TO 2 
(°C)
0 TO 1 
(°C)
T1 Bastyan Distillate Reciprocating 
Engine
60
T2 Tamar Valley 2 Gas Gas Turbine 
Combined Cycle
662
T3 Tamar Valley Gas Gas Turbine 261
T4 Bell Bay Gas Steam Turbine 597
TOTAL (MW) 1580 1580
Temperature Increase by the Year 2070
STATE 
SL#
NAME FUEL TYPE TECHNOLOGY TOTAL CAPACITY 
(MW)
>7 
(°C)
6 TO 7 
(°C)
5 TO 6 
(°C)
4 TO 5 
(°C)
3 TO 4 
(°C)
2 TO 3 
(°C)
1 TO 2 
(°C)
0 TO 1 
(°C)
T1 Bastyan Distillate Reciprocating 
Engine
60
T2 Tamar Valley 2 Gas Gas Turbine 
Combined Cycle
710
T3 Tamar Valley Gas Gas Turbine 280
T4 Bell Bay Gas Steam Turbine 640
TOTAL (MW) 1690 1690
Temperature Increase by the Year 2100
STATE 
SL#
NAME FUEL TYPE TECHNOLOGY TOTAL CAPACITY 
(MW)
>7 
(°C)
6 TO 7 
(°C)
5 TO 6 
(°C)
4 TO 5 
(°C)
3 TO 4 
(°C)
2 TO 3 
(°C)
1 TO 2 
(°C)
0 TO 1 
(°C)
T1 Bastyan Distillate Reciprocating 
Engine
60
T2 Tamar Valley 2 Gas Gas Turbine 
Combined Cycle
757
T3 Tamar Valley Gas Gas Turbine 299
T4 Bell Bay Gas Steam Turbine 683
TOTAL (MW) 1799 1799
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4.6 Overall Impact on Power Generation in Australia 
The overall impact of climate change on power generation in Australia is illustrated in Figures 
4.5 to 4.9. Figure 4.5 shows the percentage of total power generation in Australia that will be 
affected by the increase of temperature in 2030. By year 2030, Australian power generation 
will experience temperature increase of around 2°C. Approximately 69% of power generation 
capacity will be affected by the increase 1°C to 2°C temperature. Remaining 31% power 
generation capacity will face a temperature increase of 0°C to 1°C. However, the figure shows 
the impact of temperature due to temperature increase will be a minimum by 2030. 
 
 
Figure 4.5. Risk of power generation due to climate change in Australia by year 2030 
The impact of climate change on total power generation by 2050 is illustrated in Figure 4.6.  By 
2050, Australian power generation will experience temperature increase of up to 5°C. 53% of 
which will experience 2°C to 3°C temperature increase, while, 31% power generation will 
experience 1°C to 2°C temperature increase. Moreover, 16% power generation will experience 
3°C to 4°C and the remaining (1%) will experience an increase of 4°C to 5°C. It also shows 
that nearly 70% of power generation will experience more than 2°C temperature increase.  
 
1°C TO 2°C
69%
0°C TO 1°C
31%
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Figure 4.6. Risk of power generation due to climate change in Australia by year 2050 
 
A rapid increase of temperature (around 7°C) will affect the power generation by 2070 (Figure 
4.7).The major portion of power generation (53%) will experience a temperature increase of 
3°C to 4°C. Besides, 4°C to 5°C temperature increase will affect 26% of power generation and 
2°C to 3°C will affect 11% power generation by 2070. Around 10% power generation will 
experience a temperature increase of more than 5°C temperature (5°C to 6°C temperature 
increase for 9% and 6°C to 7°C temperature increase for 1% power generation). Furthermore, it 
is evident from the graph that 89% power generation will experience more than 3°C 
temperature increase.  This data clearly indicates that the larger temperature rise by 2070 will 
detrimentally affect the overall power generation capacity. 
4°C TO 5°C
1%
3°C TO 
4°C
16%
2°C TO 3°C
53%
1°C TO 2°C
31%
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Figure 4.7. Risk of power generation due to climate change in Australia by year 2070 
 
As shown in Figure 4.8, Australian power generation will experience temperature increase of 
more than 7°C by 2100. The figure shows a significant impact on power generation by year 
2100. The major portion (33%) of power generation will experience a temperature increase of 
5°C to 6°C. Additionally, 17% of power generation capacity will experience more 7°C 
temperature increase. This implies a serious impact on Australia’s power generation capacity. 
Furthermore, 15% power generation will experience a temperature increase of 6°C to 7°C. 
Therefore, 65% of power generation capacity will experience a temperature increase of more 
than 5°C. Around 13% power generation will experience 4°C to 5°C, 12% power generation 
capacity will experience a temperature increase of 3°C to 4°C and rest 10% power generation 
capacity will experience an increase of 2°C to 3°C. The figure shows that all the power 
generation will experience more than 2°C temperature increase.  
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Figure 4.8. Risk of power generation due to climate change in Australia by year 2100 
 
The impact of temperature increase on power generation capacity from the year 2030 to 2100 is 
shown in Figure 4.9. By year 2030, relatively less impact of temperature increase on power 
generation capacity is expected in Australia. In 2050, the temperature will increase gradually 
creating significant impact on power generation capacity in Australia. In 2070, the power 
generation capacity will face a significant impact with a temperature increase up to 7°C. 
However, on 2100, there will be a serious risk of temperature increase on power generation 
capacity. A large portion of power generation capacity will experience a temperature increase 
of more than 5°C. 
 
Figure 4.9. Risk of power generation due to climate change in Australia from year 2030 to 2100 
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4.7 Concluding Remarks for this Chapter 
From this chapter, it is evident that Australia will face a significant threat of climate change on 
its power generation capacities. Although the risk seems to be less in 2030, it may emerge as a 
serious threat from 2050 to 2100. This could introduce a threat for nation’s energy security and 
progress. A nationwide assessment is eminent to identify what portion of power generation 
could be reduced due to the global temperature rise. Site selection for power plant installation 
must be done considering the temperature increase effect on different states. The study found 
that most of the areas of Western Australia, Northern Territory, Queensland and some part of 
South Australia have a trend of rapid increase of ambient temperature in upcoming years.  On 
the other hand, most part of Victoria, Australian Capital Territory, Tasmania and some part of 
New South Wales has less or moderate trend of increase of ambient temperature. Thus, it is 
important to consider the future climate change on site selection for new power plant 
establishment. A dynamic system and backup support is also should be planned to overcome 
this impact. 
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Chapter 5 
Conclusions and Recommendations 
The main objectives of this study as listed in Introduction chapter have been achieved. In this 
study, two countries: Bangladesh (least developing) and Australia (highly developed country) 
were selected. The power generation capabilities of these two countries have been analysed and 
how their generation capacities will be affected by the temperature rise are determined. In the 
following subsections some specific and general conclusions based on this study are furnished. 
5.1 Specific Conclusions 
In Bangladesh, the total power generation 29,244 MW by year 2030 will face a temperature 
increase of 1°C, 64,443 MW power generation will experience 1.4°C and 204,971 MW power 
generation will be affected by 2.4°C temperature increase. Furthermore, power plants located at 
coastal areas especially southern districts are higher climate risk. The consequence of the 
climate change will be the inundation, power plant infrastructure damage and reduced cooling 
effectiveness. Around 8,514 MW (29%) by year 2030, 19,340 MW (30%) by year 2050 and 
61,515 MW (30%) by year 2100 will be directly affected by the inundation. Due to increased 
salinity power generation of 8,991 MW (30.75%) by year 2030, 19,812 MW (30.74%) by year 
2050 and 63,015 MW (30.74%) by year 2100 will be affected in coastal regions. In 
consideration of tidal wind, the risk regions are Barisal, Bhola, Chittagong, Feni and Khulna 
with projected power generation of 8,514 MW (29%) by year 2030, 18,762 MW (29%) by year 
2050 and 59,674 MW (29%) by year 2100. 
Furthermore, northern region of Bangladesh will experience drought which will affect the 
efficiency of power generation. Approximately 8,542 MW (29%) by year 2030, 18,823 MW 
(29%) by year 2050 and 59,871 MW (29%) by year 2100 will be in very high risk of drought. 
Power generation in central regions of Bangladesh will be in high risk of flood. A total of 9,016 
MW (30.8%) by year 2030, 19,865 MW (30.82%) by year 2050 and 63,180 MW (30.8%) by 
year 2100 will be in a high flood risk zone. 
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Moreover, in the second case study, the impact of temperature will be highest in western, 
central and northern regions of Australia, in comparison to less effect in eastern region. The 
temperature rise in south-eastern regions (Tasmania, Victoria, southern part of New South 
Wales) will be less than all other regions (Western Australia, South Australia, Northern 
Territory, and Queensland) of Australia. 
In 2030, approximately 69% of power generation capacity (47,529 MW) will be affected by the 
temperature increase of 1°C to 2°C.  By 2050, 70% of power generation (49,282 MW) will 
experience more than 2°C temperature increase among which 16% of power generation (11,265 
MW) will experience 3°C to 4°C and the remaining (1%) power generation (704 MW) capacity 
will experience an increase in temperature of 4°C to 5°C. 
In 2070, 89% of Australia’s power generation (63,251 MW) will experience more than 3°C 
temperature increase, while 9% (6,396 MW) power generation will face 5°C to 6°C and 1% 
(711 MW) will be affected by 6°C to 7°C temperature rise. 
The research shows that by year 2100, Australian power generation will be in a greater threat 
due to temperature rise. In 2100, 65% Australian power generation (46,412 MW) will face a 
5°C temperature increase, which constitutes a major portion of 33% of power generation 
(23,563 MW) to be affected by 5°C to 6°C and 17% (12,139 MW) will be affected by 7°C. 
5.2 General Conclusions 
The global climate change will affect power generation capacity of Bangladesh and Australia 
regardless of their geographical location and economic position. The power generation will be 
deteriorated in Bangladesh more than Australia due to the sea level rise. Future energy planning 
of both the countries has not considered the climate change impact. The long term energy 
planning of both Bangladesh and Australia did not include any evaluation and corrective 
approach of climate change effect and mitigation. Due to the shortage of natural resources, 
Bangladesh will be in much fragile situation to maintain its energy need than Australia. 
However, the study found that large areas in Australia will experience temperature increase of 
more than 7°C, which is much higher than IPCC (2007) predicted 2.8°C average global 
temperature increase by 2100. The strong economy of Australia can also be severely affected 
due to this increase of temperature. To overcome this climate change threat an adaptation and 
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mitigation in power generation design, planning and implementation is much needed in both 
Bangladesh and Australia. 
5.3 Recommendations 
Bangladesh does not have any specific region based global climate model to determine the 
climate change parameters.  National Adaptation Plan (NAPA) of Bangladesh government has 
accepted the rate of increase of temperature in Bangladesh is equal to the increase of global 
temperature (1.0ºC, 1.4ºC and 2.4ºC temperature rises by year 2030, 2050 and 2100 
respectively). But this approach can be deeply misleading as in case of Australia, the study 
found that a large central region of Australia will experience a temperature increase of more 
than 7°C. Thus a downscaled regional climate model is essential to evaluate the impact of 
temperature increase in deeper sense. 
The higher temperature rise and the climate change effects can be minimised if following 
measures are taken: a) region based study of river flow, river erosion and control river flow, b) 
development and application of region based mitigation plans, c) flood protection 
embankments to avoid inundation, d) projected capacity and efficiency of power plants should 
include the effects of ambient cooling water temperature, salinity, and availability of fresh 
water, and e) development of smart drainage system for power plants to lower the impact of 
increased precipitation. 
The sea level rise will cause power plants to experience increased salinity in coastal region. The 
cooling system design must incorporate the effect of salinity. For drought prone areas, fresh 
water supply for cooling systems must be ensured by installing recycling water desalination 
plants. The effect on infrastructure (such as concrete structure, pipe network of power plants, 
cooling systems, and so on) should be studied and preventive measures must be undertaken 
especially in the coastal regions. 
Although not included in this paper, the efficiency reduction of power generation needs to be 
estimated as a function of the rise of temperature, salinity, flood, inundation, drought and river 
erosion. Apart from Bangladesh and Australia, the effect of climate change can have profound 
impact in many low lying countries such as Maldives and Pacific Island nations.  
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